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T IS a common experience to those who 

care for tuberculous patients to observe 
in them the development of pneumonic con- 
solidation which involves a comparatively 
large area of a lobe or even an entire lobe. 
This is particularly prone to appear in 
children. The question arises perennially 
as to whether such areas of disease are 
specifically tuberculous in nature or wheth- 
er they have other origin. Most observers 
have come to view these as being manifes- 
tations of tuberculosis but numerous writ- 
ers attribute various causes to them. It is 
the general impression that these con- 
solidated areas occur definitely more fre- 
quently than would be expected if they 
were caused by the pneumococcus, i.e., 
that they are encountered more commonly 
in tuberculous patients than they are in 
the population in general. 

Recent work!*.>.!° has brought out most 
of the salient facts in the literature. How- 
ever, it may be stated briefly that usually 
the consolidated areas under consideration 
have been attributed to one of the follow- 
ing several causes: atelectasis, edema, 
pneumococcus pneumonia, nonspecific 
pneumonia, nonspecific pneumonia in tu- 
berculous individuals and known as epi- 


tuberculosis, and tuberculous pneumonia. 
The actual etiology has long remained a 
controversial matter. 

Concerning atelectasis, there remains 
much of fact to be added to our knowledge 
before we are justified in speaking on this 
subject as glibly as we do at present. The 
term is used by some to mean one thing, 
by others to mean something else. Some 
restrict its use to the clinical entity of 
massive collapse or complete (and usually 
rapidly developing) atelectasis of a lobe or 
a lung. Others consider it simply to mean 
airlessness and thus they would have it 
apply to any diseased area of the lung 
which contains no air; this would include 
pneumonia, many areas of tuberculosis 
and numerous other conditions. Still others 
reckon the term to apply to the collapse 
of any part of a lung that is physiologically 
or functionally capable of expansion, that 
is, areas which are not diseased. The 
histologist tells us that terminal air pas- 
sages are end-systems which have no intra- 
alveolar communication with adjoining 
structures of other end-systems and that 
thus local atelectasis is possible. Miller’ 
has indicated the ease with which slight 
stretching or slightly rough manipulation 


* From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), Northville, Michigan. 
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of pulmonary tissue produces artefacts 
that look like pores. It is his belief that 
demonstrable intra-alveolar apertures or 
communicating ways do not exist normally, 
although they may be present in pneu- 
monia and other pathological conditions. 

On the other hand, certain physiologists 
and experimental pathologists, notably 
Van Allen and Lindskog®® have demon- 
strated functional if not anatomical intra- 
alveolar connections or “‘pores’”’ through 
which air passes quite readily, and have 
thus indicated that atelectasis must be 
lobar in extent when it exists. They assert 
that there can be no true atelectasis short 
of that involving an entire lobe unless it 
be brought about by diseased alveolar walls 
which act as barriers to the air in neigh- 
boring air spaces. If local atelectasis is 
proved to be nonexistent, this phenomenon 
cannot explain the local or partially lobar 
character of the consolidated areas under 
consideration. Another fact against this 
contention is this, that physical exami- 
nation is usually quite different in pneu- 
monic consolidation and massive collapse 
and is highly characteristic in each con- 
dition. In massive collapse the physical 
examination and roentgen ray reveal re- 
traction of the affected side, elevation of 
the diaphragm and displacement of the 
mediastinal structures toward the side of 
the disease. 

As to edema as a cause of the roentgeno- 
logical appearance under review, it may 
be said briefly that the very highly devel- 
oped lymph drainage apparatus of the 
lungs, with abundant anastomoses in its 
vast network, the localized nature of many 
of these consolidated areas, the manner of 
clearing, the roentgen appearance of known 
pulmonary edema, and the physical signs 
all indicate that it has little to do with the 
formation of these characteristic shadows. 
Several of these and other possible etiolog- 
ical factors have been well reviewed and 
considered very recently by Reichle." 

Pneumococcus pneumonia occurs in tu- 
berculous patients but it does so only rare- 
ly in the patients who live the relatively 
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protected and sheltered life which the 
sanatorium offers. And the diagnosis is 
usually not difficult, with the character 
istic onset, sputum, bacteriological find- 
ings, course and crisis. The pneumococcus 
may lead to lobar or bronchopneumonia 
in tuberculous individuals, but in no 
pneumococcus infection does the illness 
run the long, protracted course with the 
relatively few symptoms that characterize 
the typical consolidation in the tubercu- 
lous. 

That a peculiar, nonspecific pneumonic 
consolidation may occur in tuberculous 
individuals (and in these only) is the now 
well-known contention of Eliasberg and 
Neuland,° who gave the affection the name 
“epituberculosis.”” The only criteria for 
ordinary pneumonia which these consoli 
dated areas offer are the physical signs of 
consolidation. On the other hand, it seems 
clear that they offer several points which 
make the diagnosis of tuberculosis highly 
probable if not mandatory. These features 
are: (1) the long duration, (2) the lack of 
stormy symptoms, (3) the necessary pres 
ence (according to the authors’ definition) 
of tuberculous infection as evidenced by 
the tuberculin reaction, (4) the presence 
of tubercle bacilli in the sputum as demon 
strated in numerous instances, (5) the 
histological appearance of excised pulmo- 
nary tissue in a clinical case, and (6) the 
reappearance of the condition in children 
after injection of tuberculin. 

The specificity of this type of pneumonic 
consolidation cannot seriously be doubted 
in the face of the last three facts just men- 
tioned, as brief comment upon each will 
show. 

(4) As a rule, tubercle bacilli are wanting 
in these cases but in one of our patients, 
cited as illustrative, they were present for 
a brief period during the height of the con- 
solidation but were absent on repeated spu- 
tum examinations before and after this 
event. 

This patient was a child, aged five, whose 
father had died from tuberculosis two weeks 
before our first contact with the child. This 


contact revealed a marked reaction to the 
Pirquet test and signs of extensive tuberculosis 
of the right lung and the region of the root. 
While a patient in the sanatorium during the 
next year and a half, he grew normally and ex- 
perienced marked absorption of the pulmonary 
infiltration so that there were only a few linear 
shadows in the region formerly diseased. At 
this time the tracheobronchial lymph nodes had 
become distinctly enlarged. Five months later, 
i.e., two years after detection, while still an in- 
mate, the boy began to feel badly. His temper- 
ature rose occasionally to 101° F. and his pulse 
was accelerated, and in a six weeks’ period he 
lost the 10 pounds he had gained during his 


Kic. 1. Roentgenogram of the lung of a five year old 
boy showing an area of consolidation near the root 
of the right lung. This process was considerably 
more extensive five months ago but the film is 
not available. 


stay. At this time he showed physical and roent 

genological signs of massive consolidation in 
the same region of the right lung that had pre- 
viously been involved. On one occasion during 
the time when the consolidation was pro 

nounced, the sputum contained tubercle bacilli 
but it was negative before and has been nega- 
tive since. The lesion subsided more quickly 
than is usual in “epituberculosis.” The film 
taken three months later showed marked re- 
sorption and the one now (two and a half years 
later) shows little besides a few linear shadows. 
The child is in apparent good health. The films 
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Kic. 2. Roentgenogram of the same boy one year 
later. There has been marked clearing of the pul- 
monary lesion, associated with distinct increase in 
shadows in the mediastinum from enlargement of 
the tracheobronchial lymph nodes. 


illustrating various stages of this child’s disease 
appear as Figures I to 


(5) An almost compelling bit of evidence 
for the specificity of the condition has been 
given by Rubinstein’? who examined pul- 
monary tissue removed by biopsy from a 


Fic. 3. Film of the same boy taken nearly seven 
months after that shown in Figure 2. It reveals a 
marked recrudescence of the disease in the right 
lung at the former site. This was not present three 
months before this film was taken. Tubercle bacilli 
were present in the sputum at this time. 
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of pulmonary tissue produces artefacts 
that look like pores. It is his belief that 
demonstrable intra-alveolar apertures or 
communicating ways do not exist normally, 
although they may be present in pneu- 
monia and other pathological conditions. 

On the other hand, certain physiologists 
and experimental pathologists, notably 
Van Allen and Lindskog®® have demon- 
strated functional if not anatomical intra- 
alveolar connections or “‘pores’”’ through 
which air passes quite readily, and have 
thus indicated that atelectasis must be 
lobar in extent when it exists. They assert 
that there can be no true atelectasis short 
of that involving an entire lobe unless it 
be brought about by diseased alveolar walls 
which act as barriers to the air in neigh- 
boring air spaces. If local atelectasis is 
proved to be nonexistent, this phenomenon 
cannot explain the local or partially lobar 
character of the consolidated areas under 
consideration. Another fact against this 
contention is this, that physical exami- 
nation is usually quite different in pneu- 
monic consolidation and massive collapse 
and is highly characteristic in each con- 
dition. In massive collapse the physical 
examination and roentgen ray reveal re- 
traction of the affected side, elevation of 
the diaphragm and displacement of the 
mediastinal structures toward the side of 
the disease. 

As to edema as a cause of the roentgeno- 
logical appearance under review, it may 
be said briefly that the very highly devel- 
oped lymph drainage apparatus of the 
lungs, with abundant anastomoses in its 
vast network, the localized nature of many 
of these consolidated areas, the manner of 
clearing, the roentgen appearance of known 
pulmonary edema, and the physical signs 
all indicate that it has little to do with the 
formation of these characteristic shadows. 
Several of these and other possible etiolog- 
ical factors have been well reviewed and 
considered very recently by Reichle." 

Pneumococcus pneumonia occurs in tu- 
berculous patients but it does so only rare- 
ly in the patients who live the relatively 
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protected and sheltered life which the 
sanatorium offers. And the diagnosis is 
usually not difficult, with the character 
istic onset, sputum, bacteriological find. 
ings, course and crisis. The pneumococcus 
may lead to lobar or bronchopneumonia 
in tuberculous individuals, but in no 
pneumococcus infection does the illness 
run the long, protracted course with the 
relatively few symptoms that characterize 
the typical consolidation in the tubercu- 
lous. 

That a peculiar, nonspecific pneumonic 
consolidation may occur in tuberculous 
individuals (and in these only) is the now 
well-known contention of Eliasberg and 
Neuland,® who gave the affection the name 
“epituberculosis.””’ The only criteria for 
ordinary pneumonia which these consoli 
dated areas offer are the physical signs of 
consolidation. On the other hand, it seems 
clear that they offer several points which 
make the diagnosis of tuberculosis highly 
probable if not mandatory. These features 
are: (1) the long duration, (2) the lack of 
stormy symptoms, (3) the necessary pres 
ence (according to the authors’ definition) 
of tuberculous infection as evidenced by 
the tuberculin reaction, (4) the presence 
of tubercle bacilli in the sputum as demon- 
strated in numerous instances, (5) the 
histological appearance of excised pulmo- 
nary tissue in a clinical case, and (6) the 
reappearance of the condition in children 
after injection of tuberculin. 

The specificity of this type of pneumonic 
consolidation cannot seriously be doubted 
in the face of the last three facts just men- 
tioned, as brief comment upon each will 
show. 

(4) As a rule, tubercle bacilli are wanting 
in these cases but in one of our patients, 
cited as illustrative, they were present for 
a brief period during the height of the con- 
solidation but were absent on repeated spu- 
tum examinations before and after this 
event. 

This patient was a child, aged five, whose 
father had died from tuberculosis two weeks 
before our first contact with the child. This 
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contact revealed a marked reaction to the 
Pirquet test and signs of extensive tuberculosis 
of the right lung and the region of the root. 
While a patient in the sanatorium during the 
next year and a half, he grew normally and ex 

perienced marked absorption of the pulmonary 
infiltration so that there were only a few linear 
shadows in the region formerly diseased. At 
this time the tracheobronchial lymph nodes had 
become distinctly enlarged. Five months later, 
i.e., two years after detection, while still an in- 
mate, the boy began to feel badly. His temper- 
ature rose occasionally to 101° F. and his pulse 
was accelerated, and in a six weeks’ period he 
lost the 10 pounds he had gained during his 


Fic. 1. Roentgenogram of the lung of a five year old 
boy showing an area of consolidation near the root 
of the right lung. This process was considerably 
more extensive five months ago but the film is 
not available. 


stay. At this time he showed physical and roent 

genological signs of massive consolidation in 
the same region of the right lung that had pre 

viously been involved. On one occasion during 
the time when the consolidation was pro- 
nounced, the sputum contained tubercle bacilli 
but it was negative before and has been nega- 
tive since. The lesion subsided more quickly 
than is usual in “epituberculosis.” The film 
taken three months later showed marked re- 
sorption and the one now (two and a half years 
later) shows little besides a few linear shadows. 
The child is in apparent good health. The films 
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Kic. 2. Roentgenogram of the same boy one year 
later. There has been marked clearing of the pul- 
monary lesion, associated with distinct increase in 
shadows in the mediastinum from enlargement of 
the tracheobronchial lymph nodes. 


illustrating various stages of this child’s disease 
appear as Figures I to S$. 


(5) An almost compelling bit of evidence 
for the specificity of the condition has been 
given by Rubinstein’? who examined pul- 
monary tissue removed by biopsy from a 


Fic. 3. Film of the same boy taken nearly seven 
months after that shown in Figure 2. It reveals a 
marked recrudescence of the disease in the right 
lung at the former site. This was not present three 
months before this film was taken. Tubercle bacilli 
were present in the sputum at this time. 
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Fic. 4. Film taken approximately three months 
after that shown in Figure 3. There has been a 
marked degree of absorption. 


consolidated mass that presented all the 
prerequisites for the diagnosis of “‘epi- 
tuberculosis.”’ The tissue proved to be tu- 
berculous as his description and illustra- 
tions well show. 

Still further evidence of specificity has 
been furnished by Langer® who has related 
the story of a child, aged four and a half, 
with an infiltrative lesion in the left lung 
that gradually resolved during eighteen 
months of observation. When he was about 
eight and a half years old, the boy became 
thin and weak but had no detectable evi- 
dence of disease. A Pirquet test was very 
strongly positive and a subsequent in- 
jection of 1/10 mg. of Old Tuberculin led 
promptly to high fever, symptoms and 
signs of pulmonary disease which by phys- 
ical and roentgen examination was found 
to be consolidation involving the area 
which had been diseased formerly. This 
cleared in fourteen days and the child was 
quite well two years later. It was Langer’s 
contention that tuberculin would not have 
elicited such a reaction in any save highly 
allergic, infected tissue. More recently a 
rather similar case was reported by Gold- 
berg and Gasul.? Still further corroborative 
evidence for tuberculous specificity has 
been submitted by Ickert* by citation of 
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a case of large “‘infiltrate” on one side, dur 
ing the resolution of which a similar one, 
appearing on the other side, proceeded to 
cavitation and subsequent healing. The 
case was thought with certainty to be one 
of tuberculosis. Such data as these are at 
least highly suggestive of the specific tu 
berculous character of these affections. 

Thus it may be assumed tentatively 
that such processes are tuberculous. Is the 
assumption susceptible to proof by experi- 
mental methods? Is it possible to reproduce 
or simulate such lesions in animals? If not, 
may some of the conspicuous features of 
these pneumonic, consolidated areas be re- 
produced under experimental conditions 
that allow careful analysis? It cannot be 
stated with certainty that this clinical en- 
tity may be reproduced in its entirety but it 
is quite true that tuberculous pneumonia 
may be established readily and that the 
subsequent course—whether of progression 
or of resolution—is susceptible of careful 
roentgenological, histological, bacteriolog- 
ical and biological study. Resolution is one 
of the conspicuous features of pneumonic 
consolidation and is the feature which has 
received considerable attention in 
study to be reported. 


the 


Fic. 5. The film as it appeared twenty months later 
than the one shown in Figure 4. The boy was 
clinically well at that time and remains so now 
after six additional months. 
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A considerable volume of experimental 
work has been done on tuberculous pneu- 
monia. In 1905, Nichols," in a beautiful 
study, inoculated tubercle bacilli into nor- 
mal rabbits and rabbits that had been in- 
fected previously. He noted: (1) that large 
areas of pneumonic consolidation, which 
caused the lungs to be very voluminous 
and noncollapsible, followed from five to 
nine days after inoculation in the previous- 
ly infected group; (2) that similar reaction 
appeared in the other group in the middle 
of the third week at a time when the lesions 
in the first group were subsiding, and (3) 
that in the second group the disease was 
unremittingly progressive (at least through- 
out the experiment). The histological ap- 
pearance of these areas of disease was 
clearly that of tuberculosis and it was 
usually pneumonic in character. In 1914 
Bezancon and Serbonnes' produced spe- 
cific tuberculous pneumonia in previously 
infected animals, by intratracheal inocula- 
tion of tubercle bacilli. Austrian and Willis? 
gave bovine tubercle bacilli intratracheally 
to two groups of rabbits. Those in one 
group were normal and those comprising 
the other had been inoculated subcuta- 
neously with human tubercle bacilli a few 
weeks earlier and were, therefore, allergic 
or sensitive. In the former group the in- 
oculated strain induced ordinary, more or 
less nodular tuberculosis which appeared 
grossly in a week or ten days, developed 
rapidly during the ensuing two weeks to 
the formation of extensive disease with 
large areas of consolidation, and eventu- 
ated in death. In the sensitive group they 
produced, twenty-four to forty-eight hours 
after inoculation, areas of consolidation, 
gelatinous or chocolate-brown in color, 
which varied in size from a diameter of a 
few millimeters to a degree which involved 
virtually an entire lobe and which, histo- 
logically, were composed of a specifically 
tuberculous reaction. Several of the ani- 
mals died within ten days of the intra- 
tracheal inoculation but several also went 
through resolution of the pneumonia, as 
evidenced by serial roentgen examinations, 
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although they died eventually with chronic 
tuberculosis. Soper, Sampson and Haskins'* 
produced pneumonia by intranasal in- 
stillation of bovine bacilli in normal and 
sensitive rabbits. In both groups pneu- 
monia developed but it appeared earlier in 
the sensitive group. These authors gave 
very convincing roentgenological proof of 
resolution of tuberculous pneumonia. They 
also pointed out the fact that, among 
workers in tuberculosis, resolution of spe- 
cific tuberculous pneumonia is a not un- 
common observation. This question has 
received careful study by Gardner,® and 
many characteristics of the process have 
been described by him. Larson and Long!” 
produced pneumonia in guinea pigs by the 
introduction of tuberculin into the lungs 
and concluded, as did Rich and McCor- 
dock,'* that the response in the two groups 
differed greatly in a quantitative but not 
in a qualitative way. Austrian and Willis* 
reproduced almost the same response in 
rabbits when they injected tuberculin as 
when they inoculated tubercle bacilli intra- 
tracheally, except that the reaction was 
less intense. In sensitive animals pneu- 
monia developed frequently after such a 
procedure, while in normal animals a rel- 
atively slight, nonspecific, irritative alveo- 
litis followed the injection. 

Such observations as these make plain 
the fact that hypersensitiveness established 
by infection with tubercle bacilli is one of 
the prerequisites to the formation of tu- 
berculous pneumonia—a fact well under- 
stood by most workers in tuberculosis and 
a fact in line with the contention that chil- 
dren having so-called epituberculosis all 
react to tuberculin. 


EXPERIMENTAL DATA 


The work herein reported was planned 
as a study of the course of experimental 
tuberculous pneumonia especially from the 
standpoint of specificity and capacity to 
resolve. The pertinent technical details of 
the experiment were these: Normal, healthy 
adult rabbits were used. Those designed 
for preliminary infection were inoculated 
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Fic. 6 

Fics. 6 to 9. A series of roentgenograms taken of a 
rabbit which developed pneumonia following intra- 
tracheal inoculation of tubercle bacilli. Several 
stages of resolution are shown. The film shown in 
Figure 6 indicates a normal chest. The next day 
the inoculation was done and Figure 7 indicates 
a massive pneumonic reaction forty-eight hours 
later. Eight days after that film was taken, roent- 
gen examination showed beginning resolution 
(Fig. 8). Finally the film taken forty-three days 
after inoculation (Fig. g) showed that the pneu- 
monia had practically cleared. This was confirmed 
by necropsy. 


subcutaneously in the inguinal region each 
with 1 c.c. of a cloudy suspension of human 
bacilli (H 37). Approximately one month 
later animals from this group and also from 
the group of normals were inoculated intra- 
tracheally in equal numbers with  sus- 
pensions of either human or bovine tubercle 
bacilli in varying dosage or were injected 
with tuberculin. These were then studied 
by frequent roentgen examination and some 
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of them were killed at varying intervals 
for gross and histological examination of 
the tissues. Intratracheal inoculation was 
done by insertion of the needle through 
shaved skin into the trachea which was 
held in position by the operator. When 
short withdrawal of the plunger brought 
air freely into the syringe, the needle was 
known to be in proper position, and injec 
tion of the suspension was made with the 
animal on its left side. All animals had pre 
liminary roentgen examination. And all 
were followed with such examination at 
frequent intervals after reinoculation. Al 
together sixty-two animals were used. 


Response to Inoculation with Human 
Tubercle Bacilli 
Previous experience’ has shown that in 
tratracheal inoculation of bovine tubercle 
bacilli into normal, noninfected rabbits 
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leads to the orderly development of ex- 
tensive, progressive and fatal tuberculosis 
(which may be studied by roentgen ray 
and necropsy) and that similar inoculation 
of human bacilli produces extensive pul- 
monary tuberculosis which usually under- 
goes resolution but which eventuates in 
death in about one-half of the animals when 
large doses are employed. Therefore, only 
a sufficient number of normal controls were 
used in this experiment to check the viabil- 
ity and pathogenicity of the cultures. By 
far the larger portion of the experiment 


was concerned with the introduction of 


human tubercle bacilli intratracheally into 
sensitive (previously infected) animals be- 
cause this setup offered the best basis for 
resolution of tuberculous pneumonia since 
the latter could be established by this 
method at almost every trial. Each re- 


ceived 1.0 c.c. of a milky suspension of 
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human bacilli subcutaneously in the right 
groin. Approximately one month later they 
were divided into two lots, into one of 
which 1 c.c. of a heavy, milky suspension 
of H 37 was inoculated intratracheally and 
into the other 1 c.c. of a thin, very slightly 
opalescent suspension of the same strain. 

1. Roentgen Appearance of Experimental 
Animals. The day before inoculation in 
some instances and immediately before in 
others, roentgen examination was made of 
the rabbits. This was repeated two days 
later and thereafter at intervals of a week 
or ten days. In almost every animal in both 
allergic groups, shadows of greater or less 
degree were present in the films. One-half 
of the animals receiving the large dose died 
during the first two weeks following in- 
oculation and thus serial roentgenograms 
revealed no resolution. Several of the sur- 
vivors and every one in the small dose 
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group revealed obvious signs of resolution 
of the shadows in the films; some partial, 
others complete. This sequence of events 
is shown in the accompanying series of 
films (Figs. 6, 7, 8, and g). Figure 6 repre- 
sents a clear film that was taken twenty- 
four hours before the intratracheal inocu- 
lation; Figure 7 shows a large, moderately 
dense shadow involving more than half of 
the left lung—the film was taken forty- 
eight hours after inoculation. Figure 8, 
taken ten days after inoculation, shows a 
shadow which is much less dense than the 
one (Fig. 7) taken at forty-eight hours and 
indicates that considerable absorption had 
occurred. The final film (Fig. 9), taken 
forty days after inoculation, shows that 
the shadows formerly seen had almost en- 
tirely disappeared. It may be noted that 
the consecutive events which are recorded 
in this series of films compare in many 
points with those shown in Figures 1 to 4 
and compare, except for time relationships, 
with those seen ordinarily in the case of 
epituberculosis. 

2. Examination at Autopsy. Do these 
shadows represent specific tuberculous 
pneumonia? May the process not be in- 
duced by other bacteria which were intro- 
duced by accident? Such bacteria are as- 
sumed to be the cause of so-called epi- 
tuberculosis. Is there unquestioned proof 
of the specifically tuberculous nature of 
these reactions? Gross and microscopic 
examination was made of the diseased 
tissues of animals sacrificed at stages of 
the consolidation and shadow formation 
from early to late both in cases that showed 
progression and in those that showed re- 
gression or resolution. 

(a) Macroscopic Examination. Grossly 
the average lesion casting a shadow such 
as that shown in Figure 6 presents itself 
as a patch of firm tissue of gelatin-like 
consistence which is semitranslucent, gray 
or chocolate-brown in color, and which 
tends to project beyond the surface of the 
remainder of the organ and thus to stretch 
the pleura until it is smooth and taut. 
Toward the fourth, fifth or sixth day a 
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yellow area may appear at the center. This 
may measure I to 2 mm. in diameter or it 
may involve the larger volume of the con- 
solidation, in cases in which there is pro- 
gression. The reaction is practically always 
on the side of the animal which was pend- 
ant during the inoculation. Not infre- 
quently, smaller, similar areas of reaction 
are present on the opposite side also. This 
disease may progress and lead to death or 
to resolution and healing. In the former 
event the area involved is usually extensive 
at the beginning and it rarely increases 
very much in size before the animal dies. 
Krequently it involves an entire lobe or 
nearly an entire lung. In the course of a 
week or ten days the diseased area un- 
dergoes a transformation from a moist, 
gelatinous, semitranslucent appearance to 
that of a dry, opaque, brownish-yellow 
tissue marked with islands of clearer 
yellow of varying size which grow larger 
as caseation proceeds. The diseased lung 
is usually voluminous and nondistensible. 
Cross-section view shows that the lung is 
usually solid throughout most of its depth. 
In the nonlethal, resolving cases the area, 
although large, retains its pellucid char- 
acter throughout but at times it may de- 
velop small points of caseation which 
eventually leave no sign in the healed lung. 
The process of resolution proceeds at a 
rate that is more or less comparable to the 
extent and intensity of the reaction and 
thus, probably, to the dose. The consolli- 
dated area simply becomes smaller with 
the passage of time. At first the gelatinous 
tissue involves a considerable portion of a 
lobe. From ten to twenty-one days after 
inoculation the area becomes smaller and 
the pleura over it is somewhat depressed 
below the pleural level, whereas earlier the 
diseased area bulged. After another ten 
days or two weeks the area is still smaller, 
and tissue which formerly was the seat of 
extensive infiltration (as shown by serial 
roentgenograms), assumes a normal ap- 
pearance. From six to twelve or fifteen 
weeks after inoculation, the process is one 
of gradual restitution to normal. Late in 
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the course of the disease the involved area 
appears as a small, depressed spot or nar- 
row, depressed groove in the surface of 
the pleura. It is gelatinous and semitrans- 
lucent in appearance and gray-brown in 
color. Finally, every trace is removed, and 
the lung appears normal on gross inspection. 
The cut surface of these lungs at varying 
stages in the course of the disease reveals 
the fact that the consolidation is more 
marked toward the periphery and in mid- 


zone although examples are plentiful of 


consolidation which extends through the 
whole depth. 

(b) Microscopic Examination. The micro- 
scopic appearance of these areas of reaction 
corresponds to the well-known appearance 
of exudative tuberculosis. The lungs ex- 
amined forty-eight hours afterintratracheal 
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Fics. 10 to 13. Photomicrographs illustrating tuber- 
culous pneumonia in varying stages of resolution. 
Figure 10 represents the reaction to a large dose 
of tubercle bacilli six days after intratracheal 
inoculation. The black points indicate caseation. 
Figure 11 shows all that is left thirty days after 
inoculation of small dose of tubercle bacilli. Serial 
roentgenograms indicate that formerly the lobe 
shown here was almost completely consolidated. 
Note the depression of the pleura over the area. 
Figures 12 and 13 represent the appearance four 
months after a large intratracheal inoculation. The 
lungs were markedly consolidated and cast a dense 
shadow earlier in the process. A few small collec- 
tions of monocytes represent the only residue of 
the pneumonic reaction. 


Fic. 13 


inoculation reveals consolidation of widely 
varying degree and extent. The average 
picture at this stage, casting a shadow 
such as that shown in Figure 7, is one in 
which the alveoli are filled with cells and 
serum. The cells are of three types: first and 
most abundant are the ordinary epithelioid 
cells or monocytes, which are rather large 
and which possess nuclei that are often 
eccentric in position; secondly, small round 
cells, and thirdly, polymorphonuclear leuco- 
cytes. In places the cells are so numerous 
as to be packed into the alveoli; in other 
and more commonly seen areas they are 
less numerous and fill the alveolus about 
two-thirds full while frequently serum oc- 
cupies the remaining space. The predomi- 
nance of serum over cells which is com- 
monly observed in tuberculous pneumonia 
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in man is not the rule in experimental ani- 
mals, although it is frequently observed. 
In the former, the amount of serum present 
in the alveoli is conspicuous as compared to 
the number of cells present. The capillaries 
are distended, and the alveolar walls 
where they can be distinguished from the 
cellular contents of the spaces—are thick- 
ened. 

Krom two to six days the changes are 
relatively slight but for the appearance of 
numerous multinucleated giant cells and 
beginning caseation. The consolidation be- 
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shows the nuclear fragmentation and the 
granular appearance of beginning caseation. 
In noncaseating areas it illustrates the 
alveolar exudate in which large, oval mono- 
cytes, often with eccentrically placed nu- 
cleus and not uncommonly with a pale 
central zone, are seen. Numerous poly- 
morphonuclear leucocytes are present in 
and near the caseated regions and a few 
are scattered elsewhere. Many of these 
have minute granules that are eosinophilic. 
The outlines of the alveoli are clearly visi- 
ble in several places. Caseation becomes 


Fic, 14 


Fic. 14. Photomicrograph of tuberculous pneu- 
monia in a rabbit six days after intratracheal 
inoculation. Dense cellular and serous or gelati- 
nous consolidation are present (moderately high 
magnification). 

Fic. 15. Photomicrograph of an area of tuberculous 
pneumonia in which caseation is beginning. The 
darker portion of the section shows the nuclear 
fragmentation and cellular stippling characteris- 


comes more compact and larger (often). 
On the sixth day there are numerous small 
areas of caseation (Fig. 10) in cases in 
which large doses were given. Areas to- 
ward the periphery of the consolidation 
contain more serum and fewer cells (Fig. 
14). At this stage numerous giant cells of 
syncytial appearance are present, and the 
areas of caseation begin to develop in the 
manner illustrated in Figure 15. In this 
figure is illustrated a stage in the rather 
early development of tubercle and is seen 
characteristically when the focal lesion is 
from six to twelve or fifteen days old. It 
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tic of early caseation. The alveolar outlines are 
readily determined. The predominating cell is the 
epithelioid, and several of these have eccentric 
nuclei and clear central zones (high dry magnifi- 
cation). 


Fic. 16. Photomicrograph of an area of tuberculous 


pneumonia showing a group of tubercle bacilli 
(oil immersion). 


very extensive in the animals that die, so 
that by twelve or fifteen days large areas 
are apparent, especially toward the central 
portions of the consolidated tissues. In 
later stages they appear as large, pale areas 
that are more or less devoid of nuclear 
material and demonstrable intact cellular 
structure. 

Krom the first day of the inoculation, 
polymorphonuclear leucocy tes are present 
in varying numbers, and especially so dur- 
ing the period of caseation. As time goes 


on these assume fine eosinophilic granules 
in increasingly large numbers so that in 
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some of the late stages the entire section 
is heavily speckled with them. 

The roentgen-ray and the gross and 
microscopic examination of the lungs in- 
dicate clearly that resolution of massive 
areas frequently occurs. Is there a charac- 
teristic histological appearance to the dis- 
eased tissue during this process of resolu- 
tion? If so, of what does it consist? The 
histological differences from stage to stage 
are comparatively scant, aside from the 
obvious lessening in size of the areas. The 
area becomes definitely and progressively 
smaller. The clearing appears to begin in 
the periphery of the lesion because, in such 
areas, as time passes there are small patches 
of partial consolidation lying within a zone 
in which many alveoli contain a few mono- 
cytes and in which there is considerable 
thickening and cellular infiltration of the 
alveolar walls. Such cells as remain retain 
their former relationships: there are just 
fewer of them. In the more central areas 
where only a little resolution has occurred, 
the monocytes and lymphocytes are still 
present in abundance and the polymorpho- 
nuclear leucocytes are fewer in number. As 
clearing proceeds, the monocytes assume 
a stippled appearance, which, however, in 
the highest magnification, is observed to 
be due to the fact that they have come to 
possess innumerable, very minute vacuoles. 
These cells present no further evidence 
that they have sustained damage. There is 
no evidence pointing to the fact that the 
cells in the reaction undergo autolysis or 
destruction in situ. 

The process of resolution consists of the 
disappearance of the cells that cause the 
consolidation. It is unaccompanied 
four months, when clearing is often 
ually) complete—by the 
fibrous tissue. Areas of consolidation ap- 
pear to become less densely consolidated 
and more patchy, with an increasing num- 
ber of alveoli containing air, the amount 
of aeration increasing as the consolidating 
cells grow fewer in number. What becomes 
of the cells is not clear. In this experiment 
the pulmonary tissue previously involved 
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in extensive consolidation presents no trace 
eventually of the former affect and appears 
quite as clear as the lung does after lobar 
pneumonia has completely disappeared. 
The assumption that the tissue had been 
the seat of consolidation is based on roent- 
gen study of theanimalsat frequentintervals 
between inoculation and sacrifice and on au- 
topsy study at varying stages of the disease. 

Examination of tissue stained to show 
elastic and connective tissue fibers reveals 
the former in their normal location and 
quantity in pneumonic areas and shows no 
abnormal deposits of the latter. Appar- 
ently, resolution of this type of tuberculosis 
is unassociated with the deposition of scar 
tissue and in this respect is quite unlike 
chronic fibroid pulmonary phthisis. 

1. Bacteriological Examination of the Tis- 
sues. It is assumed by numerous observers 
that clinical cases of protracted pulmonary 
consolidation are brought into being by 
non-acid-fast bacteria. Careful bacteriolog- 
ical examinations have been made of many 
sections of tissue in all stages of this ex- 
perimental disease, both in progression and 
during resolution. Alternate sections of 
tissue have been stained for tubercle bacilli 
and for non-acid-fast bacteria. Many sec- 
tions have been stained by MacCallum’s 
method" which detects both Gram-positive 
and Gram-negative bacteria in the tissues, 
but no such bacteria have ever been found. 
Tubercle bacilli have been detected in the 
pneumonic tissue at almost every stage of 
the process. In some instances they may be 
found readily; in others prolonged search 
is required. They may lie singly or in small 
clumps and may be free in the tissues but 
are much more likely be found lying 
within giant cells or epithelioid cells. In 
Figure 16 a photomicrograph reveals a 
small clump of tubercle bacilli which lie 
within an area of consolidation that is com- 
posed almost solely of mononuclear cells. 


Response to Tuberculin in Normal and 
Allergic Animals 
Into each of g normal rabbits, 1 c.c. of 
a 2.5 per cent solution of Old Tuberculin 
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was injected and into 7 normals 1 to 2 c.c. alveolitis composed chiefly of small round 
of a 2 to Soper cent solution of T. P. T.* cells and red blood cells; in all there was 
was so injected. Of these 16, killed from congestion, dilatation of capillaries and ex- 
one day to one week after injection, 3 trusion of red blood cells in greater or 
showed in the gross a definite hemorrhagic lesser numbers, and in one there was a low 


lic. 17. Photomicrograph—very low power—of a section from the lung 
of a normal animal killed two days after injection of tuberculin intratra- 
cheally. The only reaction is a mild alveolitis. 


Fic. 18. Photomicrograph showing the forty-eight hour response of an 
allergic animal to the injection of tuberculin. A “tuberculin pneu- 
monia” has been established (cf. Fig. 17). 


discoloration of the lungs which, however, grade, patchy pneumonia composed _al- 
were soft and not consolidated. Histo- most exclusively of small round cells. This 
logically these and almost all of the others 


animal was killed seven days after injection. 
showed a moderate degree of nonspecific 


Figure 17 illustrates the histological ap- 
* T. P. T. is a purified protein obtained from the tubercle bacil- pearance seen forty-eight hours after in- 


lus by Seibert’s method. It was kindly furnished by Parke, Davis. : eS 
and Company. jection of tuberculin in the average non- 
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sensitive animal (cf. Fig. 18). Roentgeno- 
grams were taken of all and showed noth- 
ing. 

When tuberculin was injected into the 
trachea of 76 previously infected animals, 
acute pneumonic reaction occurred in 7 as 
shown by roentgen examination and in 12 
as shown grossly at autopsy. Some of these 
had had one and some several injections 
of tuberculin. In none of the animals was 
the process of resolution followed roent- 
genologically, but it has been shown by 
Larson and Long'® that resolution occurs 
promptly and thus that the pneumonia 
is relatively evanescent. The microscopic 
appearance was quite like that which fol- 
lowed inoculation of tubercle bacilli, as 
shown in Figure 18. 


DISCUSSION 


Objection may be raised to this work 
because of the fact that clearing of the 
ensuing disease is usual when human 
tubercle bacilli are inoculated into rabbits. 
However, four facts validate the deduc- 
tions that may be made from the work. 
These are: (1) human tubercle bacilli in 
sufficiently large dose leads to = in 
one-half the animals inoculated; (2) rein- 
fection of rabbits with bovine bacilli pro- 
duces tuberculous pneumonia which fre- 
quently follows the early course described 
for human bacilli, in the animals in which 
the response is not promptly fatal. In most, 
if not in all, rabbits infected with bovine 
tubercle bacilli death is the eventual result, 
but in 30 per cent of those which have 
acute tuberculous pneumonia there is a 
marked degree of resolution of this process 
before the generalized disease becomes 
chronic and unremittingly progressive; (3) 
the fundamental pathological response ap- 
pears to be similar in both instances; (4) 
demonstrated resolution of tuberculous 
pneumonia induced by bovine bacilli has 
been clearly 

ls it permissible to conclude that the 
pneumonic consolidation in these experi- 
mental animals is specifically a tuberculous 
process and that it arises without relation 
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to other bacteria? The facts grid this 
conclusion when it is recalled (1) that the 
reaction occurs only in pon a fcr pre- 
vious tuberculous infection—1.e., in spe- 
cifically allergic animals; (2) that inocula- 
tion of tubercle bacilli in pure culture in- 
duces the reaction in such animals but not 
in nonallergic animals until they have be- 
come sensitive through the infection; (3) 
that intratracheal injection of nonspecific 
substances such as blood, salt solution and 
suspensions of carbon particles does not 
produce such a response; (4) that other 
bacteria so introduced initiate abscess or 
chronic pneumonia but not this type of 
response;?! (5) that tubercle bacilli are 
demonstrable in the consolidated tissue 
(as they are also in the tissues of clinical 
tuberculous pneumonia) and no other bac- 
teria can be found; (6) that tuberculin will 
bring about this same type of specific 
reaction when introduced intratracheally 
into sensitive (infected) animals. 

Is it permissible to deduce that such 
specific response in experimental animals 
is comparable in principle to the chronic 
pulmonary consolidation seen clinically in 
tuberculous people (or in those with tuber- 
culous infection)? Again the facts seem to 
warrant such a deduction because of (1) 
the presence of tuberculous infection in 
such patients—as shown by the tuberculin 
test—and thus of specific sensitiveness on 
which the allergic reaction rests; (2) the 
fact that the administration of tuberculin 
had been associated with an exacerbation 
of so-called epituberculosis in children;’’ 
(3) the relative chronicity of the process of 
resolution; (4) the comparable histological 
appearance of biopsy tissues of a clinical 
case, with that of these animals; (5) the 
comparable histological structure of gelati- 
nous pneumonia in people, with this re- 
action in animals, and (6) the results of 
the occasional necropsy made in such 
clinical cases. 

It should be remembered that, clinically, 
such reactions are by no means confined 
to children. As a matter of fact, the under- 
lying principles here discussed are doubt- 
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less at work at times in every case of 
tuberculosis:—where the early exudative 
lesion appears in its characteristic seat in 
the first or second interspace, when the 
patient has a “‘spill’”’ into the contralateral 
lung which leads to an area of fresh disease 
or whenever a pulmonary exacerbation oc- 
curs. All such areas of disease represent 
examples of tuberculous pneumonia of 
limited anatomical extent. 


CONCLUSIONS 

Pulmonary consolidation which occurs 
with more than occasional frequency in 
tuberculous individuals is believed by dif- 
ferent authors to be due to numerous 
causes among which are: atelectasis, edema, 
pneumonococcus pneumonia, nonspecific 
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pneumonia and tuberculous pneumonia. 

Tuberculous pneumonia may be induced 
in experimental animals. This disease fre- 
quently undergoes resolution as evidenced 
by serial roentgenograms and by necropsy. 
It is clear that this pneumonia in animals 
is specifically tuberculous in nature. 

It is likely that such specific pneumonic 
processes are very similar to or identical 
in nature with clinical pneumonic consoli- 
dation which occurs in tuberculous in- 
dividuals, and that each is the product of 
the exudative, allergic reaction of an animal 
organism which is sensitive to tubercle 
bacilli and tuberculin. 


At certain stages of this work Dr. J. M. Appel and 
Mr. Joseph Bobbio rendered very material help, for 
which I wish to express thanks. 
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STUDY I. THE EMPTY STOMACH AND ITS VARIOUS WAYS OF FILLING. 
THE PRESSURE EXERTED BY THE GASTRIC WALLS ON THE GAS- 
TRIC CONTENT. THE PHYSICAL CHANGES OCCURRING TO 
THE FOODSTUFF DURING DIGESTION 
By CESARE GIANTURCO, M.D. 
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ROCHESTER, 


INTRODUCTION 

N SPITE of numerous experimental and 

clinical studies on the mechanics of gas- 
tric activity, several problems remain 
which are not completely solved. Some of 
these problems are of particular interest to 
the roentgenologist because they concern 
phases of gastric activity involved in diag- 
nostic roentgen examination of the stom- 
ach. | have attempted to study the more 
important events that occur from the time 
of entrance of food into the empty stomach 
until its exit through the pylorus, focusing 
attention particularly on those phases of 
the gastric mechanism which are of roent- 
genologic significance. 

Five different studies were made, three 
of which are reported in this paper; the 
other two, elsewhere.’ 

As many other observers have done, | 
used cats as experimental animals. These 
animals are easily trained, and their stom- 
achs appear strikingly similar to the stom- 
ach of man. The methods of investigation 
were such as to avoid interference with the 
normal motility of the gastrointestinal 
tract. Roentgen rays offer the best means 
of studying the movements of the stomach 
and duodenum without the use of anes- 
thetics and without opening the abdomen. 
Most of the experiments were carried out 
by means of roentgen rays. Air or barium 
suspended in various fluids, or barium- 
coated solid fragments of food, were used 
as contrast media. In order to observe the 
movements of the visceral walls themselves 
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small chilled lead shot were placed under 
the serosal coat of the stomach. A month 
after the healing of the operative wounds 
the animals were trained to lie quietly on 
a holder; they were observed roentgeno- 
scopically and records were taken in the 
form of roentgen cinematographic films. 
These films were taken with the machine 
devised by Alvarez.‘ 

Pressure conditions in the stomach were 
measured by filling the organ with air 
through a small tube connected with a 
syringe and a manometer. By turning a 
three-way stopcock to different positions it 
was possible to inject different amounts of 
air and to measure the pressure obtained 
at each injection. 


THE EMPTY STOMACH AND ITS VARIOUS 
WAYS OF FILLING 


The hypothesis that food which enters 
the stomach follows the longitudinal mu- 
cosal folds (Magenstrasse) along the lesser 
curvature has gained practical importance 
since Aschoff and his coworkers have at- 
tempted to explain the more common oc- 
currence of ulcer along the lesser curvature 
by the fact that this region is more trau- 
matized than is the remainder of the stom- 
ach. This hypothesis has not generally 
been accepted. Although some authors re- 
ported that in cases of poisoning caused by 
caustic agents the lesions were localized 
at the lesser curvature and the remainder 
of the stomach was intact, other investi- 
gators found by feeding animals colored 


* Abstract of thesis submitted to the faculty of the Graduate School of the University of Minnesota in partial fulfillment of the 
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fluids that the color spread all over the 
gastric mucosa. When the roentgen ray 
came into use, several investigators worked 
on this problem with the new method, but 
the conclusions of the early investigators 
must be looked on as doubtful because, al- 
though they could follow the descent of 
the opaque food, they could not be sure 
where the greater and lesser curvatures 
were when the stomach was empty. 

An attempt to visualize the lesser curva- 
ture of the stomach was made by Lehmann, 
who used a duodenal tube opaque to roent- 
gen rays. The tube was swallowed by the 
subject and, as soon as the distal end was 
seen in the duodenum, gentle tension was 
made at the oral end so as to bring the 
tube in contact with the lesser curvature. 
Then the subject swallowed some barium. 
Lehmann concluded from this experiment 
that the Magenstrasse was not the actual 
path followed by the food. Later his meth- 
od was strongly criticized by Lossen and 
Schneider because the tension on the tube 
could have disturbed the whole mechanism 
of the Magenstrasse. 

In order to make the Magenstrasse vis- 
ible roentgenologically, Lossen and Schnei- 
der used silver beads sewn to the two curva- 
tures of the stomachs of dogs. These in- 
vestigators then gave opaque material to 
the dogs and after roentgenoscopy con- 
cluded that the Magenstrasse was the path 
actually followed by the ingesta. 

Because of the technique employed, the 
work of Lossen and Schneider deserves 
serious consideration. It is my impression, 
however, that their conclusions cannot 
safely be accepted because the beads used 
in the experiment were poorly placed, and 
from my experience with their technique 
I feel sure that they must have produced 
adhesions about the stomach. As Lossen 
and Schneider pointed out, it is only when 
the stomach is empty and relaxed or when 
it is full of food, that one can talk of a 
Magenstrasse, because when the stomach 
is empty and contracted there is only one 
possible channel for food and that is down 
the central lumen. This lumen would be in 
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the middle, and therefore a bolus enter- 
ing it would come in contact with both the 
lesser and the greater curvatures at the 
same time. 

Before attacking the problem of the 
Magenstrasse itself, | thought it would be 
of interest to investigate the conditions of 
the empty stomach. 

Does Peristalsis Occur in the Really Empty 
Stomach? A tremendous amount of litera- 
ture has grown up about the phenomenon 
of “hunger contractions” in the fasting 
stomach. To me, the question has always 
remained whether or not these contrac- 
tions were originally present or stimulated 
by the recording balloon which has invari- 
ably been used. It is well known that dis- 
tention of a hollow organ such as the stom- 
ach commonly gives rise to rhythmic con- 
tractions. In order to throw light on this 
problem, I first placed chilled lead shot 
along the lesser and greater curvatures of 
the stomachs of nine cats; after the animals 
had recovered, they were fasted for two 
days and then observed for hours with the 
roentgenoscope. In more than eighty ex- 
periments I could detect movement of the 
gastric walls in only one animal, and the 
stomach of that one contained a consider- 
able amount of swallowed air. 

My impression from this work was that 
the so-called hunger contractions were 
caused by distention of the stomach by the 
recording balloon, but as there was some 
doubt that my method of visualization 
would indicate contractions in the empty 
stomach even if they were present, | took 
another group of four cats and placed 
many more shot on the lesser and greater 
curvatures, so that it was easier to follow 
the movement of a peristaltic wave, if such 
should appear. After these animals had re- 
covered from the operation and had been 
fasted for two days, eight films, each in- 
cluding 100 roentgenograms taken one each 
second, were made and carefully studied 
(Fig. 1). In seven of these films, shallow 
peristaltic contractions could be made out. 
It appears then that, just as in the bowel, 
although visual observation may not dis- 


VoL. No. 6 


close rhythmic activity, graphic records 
will show that some motion is taking place. 
It seems probable, however, that the large 
amplitude of the contractions observed 
with the usual technique in which a balloon 
is used is due to the stimulus of distention. 

The Behavior of the First Bolus Entering 
the Empty Stomach. After a fast of two 
days, the four animals were given 0.§ c.c. 
of a suspension of barium in water. As soon 
as this reached the stomach it was carried 
toward the pylorus by peristaltic waves 
without following the Magenstrasse (Fig. 
2, a). Similar behavior was noted when a 
larger amount of fluid (Fig. 2, 4) and when 
solid food was ingested. 

The Behavior of Boluses Entering a Full 
Stomach. The four fasting cats were given 
25 c.c. of ground meat, which was followed 
by 1 c.c. of an aqueous suspension of 
barium. This small amount of opaque ma- 
terial followed the Magenstrasse, but when 
15 c.c. more of barium water was given this 
could be seen to spread out from the lesser 
curvature and surround the solid food on 
all sides (Fig. 3, a). 

The cats were again fasted; then they 
were given 5 gm. of meat and next 30 c.c. 
of barium water. The opaque material im- 
mediately surrounded the meat on all sides 

Fig. 3, 4). 


Conclusions. 1. The empty stomach is 
animated by shallow peristaltic contrac- 
tions or is tonically contracted; under these 
conditions the Magenstrasse is not func- 
tionally distinguished from the remainder 
of the stomach. This is demonstrated by 
the behavior of opaque material entering 
an empty stomach, the walls of which are 
outlined roentgenographically by small 
lead shot. 


2. The Magenstrasse is followed only 
when small amounts of material enter a 
stomach which is already filled by solid 
food. 

3. Large amounts of water or food enter- 
ing a full stomach do not follow the Magen- 


strasse, but spread from the cardia out 
around the food already present. 
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Fic, 1. Peristalsis in the empty stomach shown by 
the lead shot imbedded in the gastric walls. 
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Fic. 2. Filling of the stomach. 
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Fic. 3. Behavior of boluses entering a full stomach. 
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Fic. 4. Relaxation of the gastric walls at different 
fillings: The top roentgenogram was made after 
injection of 5 c.c. of air; the middle one after in- 
jection of 75 c.c., and the bottom, after injection 
of 200 c.c. 
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THE PRESSURE EXERTED 
BY THE GASTRIC WALLS 


Intragastric Pressure during the Filling of 
the Stomach. The amount of literature on 
this subject is not large, but the papers 
published by Kelling and by Moritz at the 
end of the nineteenth century represent a 
mine of information. One of the most in- 
teresting points brought out by these 
authors is that the stomach relaxes as it 
fills, so that up to a certain point intra- 
gastric pressure does not increase with in- 
creasing volume of gastric content. 

I repeated, on four cats, the work done 
by Kelling and Moritz on human beings 
and on dogs. The measurements confirmed 
the conclusions of Kelling and Moritz. 
With the gastric content increasing from 
5 to 100 c.c. there was no increase in gas- 
tric pressure, and a peculiar relaxation of 
the walls of the stomach must be postu- 
lated. From 100 c.c. onward this relaxation 
did not keep pace with the increased vol- 
ume of the gastric content and the pressure 
rose rapidly. 

The Site of Relaxation in the Gastric Walls. 
The next question was: Does this relax- 
ation of the wall take place equally all 
over the stomach, or is it more marked in 
one part than in another? 

In one of the first experiments, the stom 
achs of two cats, with the gastric walls out- 
lined by means of lead shot, were distended 
with air. This was injected 25 c.c. at a time 
and a roentgenogram was made after each 
injection. By measuring the distances be- 
tween the shot at the different stages of 
filling, it was shown that the gastric walls 
gave way only slightly in the pars pylorica, 
whereas they stretched markedly in the 
fundus and in the upper and outer parts 
of the body (Fig. 4). 

I then excised the fundus and the upper 
and outer parts of the body of the stom 
achs of two animals, and about a month 
later, the pressure was measured, using 
the same technique. Figure 5 shows that 
in these animals the pressure increased 
rapidly as the stomach filled. Apparently, 
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then, those two parts of the stomach are 
most important in the regulation of intra- 
gastric pressure. 

Why in the Intact Stomach Does the Gas- 
tric Pressure Rise Rapidly when the Gastric 
Content Reaches a Certain Volume? In at- 
tempting to answer this, two possibilities 
had to be taken into consideration: (1) 
that there is a limit beyond which the gas- 
tric walls do not relax, and (2) that with 
the increasing volume of the stomach, 
there comes a point at which the abdominal 
walls begin to stretch, and abdominal pres- 
sure must increase. 

In a first experiment the intragastric 
pressure was measured at the same time 
as the abdominal pressure, with the animal 
under ether anesthesia. A tube was placed 
in the stomach of a cat and connected with 
the apparatus already described (syringe 
and manometer). The abdomen was opened 
in the lower half of the median line; a 
rubber balloon connected with a second 
water manometer was placed in the peri- 
toneal cavity and the wound was closed. 
By means of a syringe, 25 c.c. of air was 
injected into the stomach about every 
minute. At the beginning of the experiment 
the pressure in the abdominal cavity was 
approximately zero, varying slightly with 
respiration, and the pressure in the stom- 
ach, 4 cm. of water. After 125 c.c. had been 
injected, however, the manometers began 
to register a simultaneous increase in pres- 
sure in the stomach and in the abdomen. 
When 300 c.c. had been injected, the pres- 
sures were 20 cm. of water in the stomach 
and 13 cm. in the abdominal cavity. After 

taking these readings the air was allowed 
to escape from the stomach. 

In the next experiment the abdomen was 
left wide open and air was pumped | into the 
stomach, 25 c.c. at a time. Under these con- 
ditions the gastric pressure began to rise 
only after 200 c.c. had been injected, and 
when 300 c.c. had been injected, it reached 
only 10 cm. 

In another cat the order of these experi- 
ments was reversed, and the results corres- 

ponded closely with those previously ob- 
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tained. I believe, therefore, that the in- 
crease in gastric pressure, which comes 
after the stomach has been distended to a 
certain point, is due largely to the force 
required to stretch the abdominal wall. 
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and the pressure within the normal stomach com- 
pared with that in the stomach of which the fun- 
dus had been excised. 


The Effect of High Gastric Pressures on 
the Emptying of the Stomach. The fact that 
after removal of the fundus it is possible to 
reach high gastric pressures enabled me to 
study the effect of high pressures on the 
rate of emptying of the stomach. 

Two cats from which the fundus of the 
stomach had been resected were given 
varying amounts of aqueous suspensions 
of barium (30 per cent), and the emptying 
time was observed with the roentgeno- 
scope. At the same time two normal cats 
were observed as controls. Table 1 shows 
that, compared with a normal organ, the 
emptying time of a stomach from which the 
fundus was resected is shorter, the greater 
the filling and the higher the pressure 
reached. 


Conclusions. Because of active relax- 
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ation of the fundus and body of the stom- 
ach, the intragastric pressure does not 
change until a large amount of material 
has been introduced. The rise which follows 
further filling is largely the result of stretch- 
ing of the abdominal walls. 

2. After the fundus is resected the empty- 
ing time of the stomach is shortened. 


PHYSICAL CHANGES OCCURRING 
TO THE FOODSTUFF DURING DIGESTION 
Liquefaction of Solid Food. \f an animal 
is killed and the gastric content is observed 
some time after the animal has eaten solid 
food, it is found that this food has changed 
to fluid. Study of this phenomenon is best 


TABLE | 
EFFECT OF HIGH INTRAGASTRIC 
EMPTYING TIME OF 


PRESSURE ON THE 
THE STOMACH 


Initial intragas-| Emptying time, 


Water tric pressure, minutes 
introduced, cm. of water 

c.c. (fundus Normal | Fundus 
removed )* stomach | removed 

10 9g 30 30 

25 20 65 } 40 

50 | 45 110 50 

75 79 140 65 


* The pressure within the normal stomach was 4 or § cm. of 


water in all instances. 


carried on by direct observation of the 
sectioned frozen stomach, but by the roent- 
genologic method one is able to study the 
process of liquefaction during the whole 
course of gastric digestion without killing 
the animal. 


Each of three cats was given a meal of 


fairly large pieces of meat 
about 4. gm. in weight), 
which had been coated with powdered 
barium. The cat usually chews very little, 
and with the roentgenoscope I could see in 
the stomach the transparent pieces of meat 
sharply defined one from the other by the 
covering of barium. Peristalsis was shallow 
for the first few minutes, but soon the 
waves grew deeper and deeper, especially 
in the pyloric region. About ten minutes 


each piece 
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the surface of 


934 


after feeding, the sharp lines of barium 
in the antrum began to fade, and in about 
twenty minutes the whole pyloric region 
became diffusely opaque (Fig. 6, a, top). 
At this point one of the animals was killed, 
and section of the stomach showed that in 
the pars pylorica the contents had actually 
become liquefied, and that the barium 
was finely mixed with the ground meat. 
One hour after ingestion of the meal the 
zone of liquefaction had spread back into 
the body of the stomach (Fig. 6, a, middle). 
Two hours later it was possible to see the 
sharp contours of lumps of meat only 1 

the central part of the fundus (Fig. 6, a, 
bottom). 

The roentgenograms show, as one would 
expect, that the changing to fluid is a sur- 
face phenomenon by which only the most 
peripheral parts are affected. The early 
liquefaction of the material in the antrum 
can be explained by the tact that peristalsis 
is particularly strong in this region, which 
well deserves its name, the “‘gastric mill.” 

Separation of Fluids from Solid Food. 
The fact that at the pyloric end of the 


stomach, food is fluid at an early period of 


digestion is of the greatest importance in 
determining the mode of emptying of this 


organ. As has been shown, the presence of 


fluid food in the antrum is due to more ac- 
tive peristalsis which induces a local change 
to fluid; it is due also to the trickling down 
of fluids from the upper parts of the 
organ. 

Each of three cats was given 
meat cut in large pieces; this feeding was 
immediately followed by 20 c.c. of milk 
made opaque by the addition of barium. 
The first picture, taken soon after the in- 
gestion of milk, showed the negative shad- 
ows cast by the transparent lumps of meat 
lying in the surrounding opaque fluid | Fig. 


6, 4, top). The subsequent pictures (Fig. 


6, b, middle and bottom) were taken each 
ten minutes after the one preceding, and 
show that milk leaves the stomach before 
meat, which is still to be seen in the organ 
when almost all of the milk is in the in- 
testine. 


20 C.C.. 
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Fic. 6.0 Fluids leaving the stomach before solid food. A Liquefaction of solid food. 


743 
\ | 
n i 
e 


744 


I think, also, that the separation of fluids 
from solid food can be related to the peri- 
staltic activity of the organ, because the 
waves act much as does the hand of a milk- 
er; running continuously toward the py- 
lorus they massage the peripheral part of 
the solid content and inundate it with gas- 
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JuNE, 1934 
tric juice. At the same time the waves push 
onward the fluids which result from diges- 
tion and those which are ingested. By this 
remarkable mechanism the fluid part of 
the gastric content is always kept well 
down by the pylorus where it is ready to 
pass into the intestine. 
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SOME MECHANICAL FACTORS OF GASTRIC 
PHYSIOLOGY* 


STUDY Il. THE PYLORIC MECHANISM 


THE EFFECT OF VARIOUS FOODS ON 


THE EMPTYING OF THE STOMACH 


By CESARE GIANTURCO, M.D. 
Fellow in Radiology, The Mayo Foundation 
ROCHESTER, MINNESOTA 


THE PYLORIC MECHANISM 

N ATTEMPTING to explain the empty- 

ing of the stomach, some of the early 
investigators assumed that peristalsis trav- 
elled as far as the incisura angularis, where 
a sphincter contracted and divided the 
stomach into two pouches; the systolic 
contraction of the lower pouch then pushed 
the food into the duodenum. This sup- 
position seemed tenable, from the mechan- 
ical standpoint, but could not be confirmed 
by Cannon and other observers, who stud- 
ied the stomach of intact animals by means 
of roentgen rays. They did not find any 
prepyloric sphincter, and noticed that in 
most cases, when the antrum contracted, 
its content flowed back into the body of the 
stomach. The opening of the pylorus did 
not seem to be subject to any definite rule. 

Then Cannon published his hypothesis 
that acid in the stomach is responsible for 
opening of the sphincter, and that acid in 
the duodenum is responsible for its closing. 
This hypothesis can be considered insufhi- 
cient, first because acid foods do not leave 
the stomach any faster than alkaline or 
neutral substances, second, because the 
stomach of a patient with achlorhydria 
often empties faster than that of a normal 
subject, and third, because the hypothesis 
does not apply to fluids, to fatty substances 
or to gases. 

More recently, Wheelon and Thomas, 
and McClure, Reynolds and Schwartz, 
studied the movements of the pylorus and 
found that it contracted and relaxed rhyth- 
mically. Alvarez and Zimmermann, who 


studied gastric peristalsis by means of 


cinematographic pictures of the anesthe- 
tized rabbit, dog, and cat, with the abdo- 
men opened, found that peristaltic waves 
travelled along the stomach and included 
the pylorus. 

Unfortunately, none of the investigators 
was able to record simultaneously all the 
mechanical factors that determine the pas- 
sage of gastric content into the duodenum. 
The balloon method gave data about the 
contraction and relaxation of the pylorus 
but gave no data about the passage of food. 
The same objection is valid for observa- 
tions made of the outside of the stomach 
with the abdomen open. Ordinary roent- 
genoscopy, after a barium meal, discloses 
the waves going over the stomach; it shows 
the passage of food through the pylorus, 
but it does not give any information about 
the condition of the sphincter when barium 
is not passing through it, and it does not 
give information in regard to the motility 
and tonus of the duodenum when this is 
empty of barium. 

Attempting to overcome these difficul- 
ties | thought that the movements of the 
pylorus and duodenum, as well as the 
passage of food, could be studied roent- 
genographically after opaque markers had 
been placed in the visceral walls, and at 
the same time a barium meal had been 
given. 

In fifteen cats, I outlined with lead shot, 
placed under the visceral serosa, the two 
curvatures of the stomach, the pyloric ring, 
and the contours of the duodenum. A 
month after the operation, the animals 
were observed roentgenoscopically to vert- 


* Abstract of thesis submitted to the faculty of the Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Master of Science in Radiology. Work done in the Institute of Experimental Medicine, The Mayo Clinic, 
under the direction of F. C. Mann, W. C. Alvarez and B. R. Kirklin. 
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Fic. 1. A thick, black line joins shot which were placed on opposite sides of the pylorus; thinner lines join shot 
placed on opposite sides of the duodenum. In a one can follow, from the top picture to the bottom picture 
the opening of the pylorus; emptying occurs because the duodenum is relaxed at the same time. In 4 the 
pylorus relaxes as much as in a, but barium does not pass because of the contracted condition of the duo- 
denum. 


; 
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fy the position of the shot; it was found 
that only two animals could be used satis- 
factorily. In the others, the shot in the 
duodenum fell in a plane different from 
that of the stomach. The machine devised 
by Alvarez? for taking cinematographic 
roentgenograms made it possible to take 
records of every phase of gastric activity. 
Thirty films, each running for two minutes, 
were exposed after feeding the animals 25 
c.c. of an aqueous suspension of barium. 
By plotting against time intervals the 
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peared that barium left the stomach only 
when both pylorus and duodenum hap- 
pened to be relaxed at the same time. 

Conclusions. 1. The pylorus responds to 
approaching waves of peristalsis much as 
does the adjacent part of the pars pylo- 
rica. 

2. Food leaves the stomach when the 
pylorus and the duodenum are relaxed at 
the same time. 

3. Relaxation of the pylorus alone is not 
followed by passage of food. 


Duodenum 


0 10 20 30 


40 50 60 70 60 


Time in seconds 


Fic. 2. The short arrows indicate pyloric relaxations not followed by exit of food because of contraction of 
the duodenum at the same time. The long arrows indicate pyloric relaxations followed by exit of food 


the duodenum is also relaxed. 


changing distances between corresponding 
shot on the two contours of the stomach 
and of the duodenum, tracings were ob- 
tained which were comparable to those ob- 
tainable on a kymograph. The tracings 
showed clearly that the pylorus contracted 
when a gastric wave of contraction reached 
it, and it relaxed when the following wave 
of relaxation reached it. The rate was the 
same as that of the gastric peristaltic 
waves, or from five to eight a minute. The 
duodenal movements were irregular in 
time and intensity, and occurred at a rate 
of about fifteen each minute. By observing 
the roentgenograms (Fig. 1, @ and 4) and 
marking the tracings (Fig. 2) at the times 
at which the emptying occurred, it ap 


THE EFFECT OF THE VARIOUS FOODS 
ON THE EMPTYING OF THE STOMACH 


It was noticed by Cannon long ago that 
the emptying time of the stomach varied 
when different kinds of food were given. 
Hedblom and Cannon showed also that the 
consistence of foodstuffs plays an impor- 
tant part; that fluids leave the stomach 
earlier than solids, gruel more rapidly 
than dry potatoes, and so on. Similarly, 
large pieces of meat are retained in the 
stomach much longer than small pieces. 
There is no doubt that the condition in 
which food reaches the stomach and the 
facility with which it is digested play a 
large part in determining the emptying 
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time of the organ, but, in addition, other 
factors have to be considered. 

From the studies of Cannon, Kosaka and 
Lim, it is well known that fats leave the 
stomach more slowly than proteins or car- 
bohydrates of the same consistence. On the 
other hand, Carnot and Chassevant found 
that hypertonic solutions of salt or sugar 
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Fic. 3. The rate at which various materials left the 
stomach. When percentages are mentioned, the 
solvent was water. 


remained in the stomach for a long time. 

The data which may be noted in Figures 
3, 4 and § were obtained by feeding three 
cats (after twenty-four hours of fasting) 
25 c.c. of the different substances mixed 
with barium sulphate, 20 per cent by 
volume. The rate at which these substances 
left the stomach was determined by ob- 
servations at short intervals with the 


roentgenoscope. 

It was first noted that isotonic solutions 
of salt or sugar left the stomach in the 
shortest time; pure water cathe next. Con- 
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centrated solutions of salt and sugar re- 
mained longer in the stomach the higher 
their concentration. Alcohol, 30 per cent 
in water, left the stomach slowly. The re- 
action of the fluids did not seem to make 
much difference; both hydrochloric acid 
and sodium bicarbonate, when given in 
high concentrations, slightly slowed the 
emptying time of the stomach. 

The statement of Cannon, that carbohy- 
drates leave the stomach more rapidly 
than proteins, must be modified slightly 
since I found that meat in large pieces 
leaves the stomach more slowly than 
mashed potatoes, whereas finely ground 
liver leaves rapidly, and white of egg even 
more rapidly. One must take into consid- 
eration the initial consistence of both pro- 
teins and carbohydrates, as well as the 
facility with which they are acted on and 
rendered fluid by gastric juice and gastric 
peristalsis. 

The observations of previous experi- 
menters with regard to the delayed empty- 
ing of fats was confirmed by me. This 
slowing seems to be independent of the 
physical state of the various fats, because 
olive oil, which is fluid, left the stomach 
more slowly than lard, which is semisolid. 
The emptying time seemed to be propor- 
tional to the amount given, and the same 
was true when the oils were mixed with 
other foods. 

The slowing was shown not only by fats 
but also by fatty acids and glycerin (50 per 
cent in water) when it was not vomited. 
Soaps, however, did not seem to make the 
emptying time longer unless they were 
given in very high concentration. Mineral 
oils lacked the slowing properties of true 
fats. 

In conclusion, it can be said that the 
emptying time of different foodstuffs de- 
pends first on the physical condition, con- 
sistence, size of the particles, and so forth, 
and second, on the chemical nature of the 
substance. Fats and hypertonic solutions 
of salt or sugar had the most conspicuous 
effect in slowing the emptying of the 
stomach. 
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How Fat and Hypertonic Solutions Delay 
Gastric Emptying. The slow emptying of 
fats and hypertonic solutions has been ex- 
plained as being the result of reflex closure 
of the pylorus. If this were true one would 
expect rapid exit of those substances after 
functional or anatomic exclusion of the 
sphincter. In order to test this hypothesis, 
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sence of a pylorus. One is forced to admit, 
then, that this sphincter plays little part 
in checking the exit of fat, hypertonic 
solutions or water. 

Several writers have claimed that there 
is a lack of, or a diminution in, gastric 
activity after ingestion of fats. In my ex- 
perience, such weakening of gastric activ- 
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four cats were studied, on two of which 
gastroenterostomy had been performed, 
and on two, pyloric excision. The emptying 
time of 25 c.c. of water, of oil, and of hyper- 
tonic solutions of salt and sugar in cats 
operated on was compared with the empty- 
ing time of the same substances in normal 
animals. There was little change in the 
emptying of all these substances in the ab- 


the solvent was 


water. 


ity is to be seen also after ingestion of hy- 
pertonic solutions of sugar or salt. What 
one observes is not so much a continuous 
lack of peristalsis as the presence of long 
periods in which waves are sluggish, fol- 
lowed by short periods of normal activity. 
Emptying occurred only during these peri- 
ods of activity. Cinematographic roent- 
genograms, made at short intervals during 
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digestion, of cats in which the gastric and 
duodenal walls had been visualized by lead 
shot, showed that the behavior of the py- 
lorus followed the type of peristaltic ac- 
tivity present; that is, the pyloric ring re- 
vealed ample contraction and relaxation 
during active peristalsis, whereas its move- 
ments were sluggish during the sluggish 
periods. The duodenum also was deeply 
affected; instead of showing active move- 
ments at the rate of about fifteen each min- 
ute as it does with water, its movements 
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were tonic and short relaxations occurred 
only from three to five times a minute. 

Conclusions. 1. Fats and hypertonic solu- 
tions induce marked changes in the activity 
of the gastric walls as well as of the duo- 
denal walls. 

2. The fact that the slow emptying of 
fats and hypertonic solutions persists after 
removal of the pyloric ring or after gastro- 
enterostomy suggests that the slow empty- 
ing is due to the changes observed in gas 
tric and duodenal motility. 


REFERENCES 


1. Atvarez, W. C., and ZIMMERMANN, ARNOLD. 
Gastric wavelets. 4m. 7. Physiol., 1926, 78 
405-410. 

2. Cannon, W. B., The acid control of the pylorus. 
Am. Physiol., 1907, 20, 283-322. 

3. Cannon, W. B. The Mechanical Factors of Diges- 
tion. Longmans, Green and Company, New 
York, 1911, 227 pp. 

4. Carnot, P., and Cuassevant, A. Sur le passage 
pylorique des solutions de glucose. Compt. rend. 
Soc. de biol., 1905, 57, 1069-1072. 

s. Granturco, Cesare, and Atvarez, W. C. Roent- 
gen ray motion pictures of the stomach. Proc. 
Staff Meetings of Mayo Clinic, 1932, 7, 669-671. 


6. Hepstom, C. A., and Cannon, W. B. Some con- 
ditions affecting the discharge of food from the 
stomach. dm. F. M. Sc., 1909, 778, 504-521. 

Kosaka, T., and Lim, R. K. S. On the mechanism 
of the inhibition of gastric motility by fat. An 
inhibitory agent from the intestinal mucosa. 
Chinese F. Physiol., 1933, 7, 5-11. 

McCuure, C. W., Reyno ps, L., and ScHwartz, 
C. O. On the behavior of the pyloric sphincter 
in normal man. Arch. Int. Med., 192 
423. 

g. WxHEELOoN, Homer, and Tuomas, J. E. Rhythmic- 

ity of the pyloric sphincter. .4m. ¥. Physiol 
I1g21, 54, 400-47 3. 


oo 


» 20, 41 


» 


VoL. Pe ain No.6 


COLON STUDIES 


Vil. VARIATIONS IN FIXATION OF THE CECOCOLON; THEIR 
CLINICAL SIGNIFICANCE*f 
By JOHN L. KANTOR, M.D., and SAMUEL SCHECHTER, M.D. 


NEW YORK CITY 


I. INTRODUCTION 


RACTICALLY all anomalies of the 
colon may be considered under four 
chief heads as follows: 
1. Anomalies of length. 
2. Anomalies of rotation. 
3. Anomalies of descent. 
4. Anomalies of fixation. 


Anomalies of length and descent have 
formed the subjects of the first, second, and 
fifth studies of this series. In the present 
communication it is proposed to irivesti- 
gate, in ageneral way, the clinical signifi- 
cance of anomalies of fixation, with special 
reference to the cecocolon. 

The process of fixation of the large in- 
testine, whereby the ascending colon be- 
comes attached to the areolar tissue of the 
posterior abdominal wall, is normally com- 
pleted by about the sixth or seventh month 
of fetal life (Harvey). Departures from the 
normal development may take place in 
either of two directions. Thus, there may 
be an arrest in the process of fixation with 
a persistence of the primitive mesentery 
and increased mobility (hypermobility, 
hypofixation) of the ascending colon. In- 
deed, in extreme cases the ascending meso- 
colon may be continuous with the mesen- 
tery of the small intestine, resulting in the 
condition known as mesenterium com- 
mune. 

On the other hand, there may be an ab- 
normal progression of the fixation process, 
resulting in excessive adhesion (hyperfixa- 
tion, hypomobility). Here the situation is 
more complex than in the case of hypo- 


* Read before the American Congress of Radiology, Chicago, IIl., Sept. 25-30, 1933. 

t This is the seventh of a series of articles: 1. The redundant colon, Am. J. RoentGeno. & Rav. THERAPY, 1924, 72, 414-4303 
1. The low cecum. [did., 1925, 74, 207-215; 11. The clinical significance of ileal stasis; its association with colitis. /éid., 1926, 76, 1-9; 
iv. The roentgen diagnosis of colitis (the irritable colon). [bid., 1927, 17, 405-416; v. The high cecum. /d;d., 1928, 79, 1OI-111; VI. 
Cecal stasis: its clinical significance and relation to proximal colon stasis. [did., 1930, 24, 1-20. 
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fixation. This excess of fixation may in- 
volve the whole course of the ascending 
colon, or, more commonly, only certain 
portions of it. Harvey points out that in 
addition to adhesions from the gut to the 
parietal wall there may be bands stretch- 
ing between adjacent loops of the intestine, 
and even localized thickenings of the as- 
cending mesocolon. In the last named in- 
stance, obviously, hypofixation and hyper- 
fixation exist simultaneously. 

The principal points at which a normal 
fixation of the right colon may become ac- 
centuated are: (1) at the beginning trans- 
verse portion by the ligament of Huschke; 
(2) at the hepatic flexure by the right reno- 
colic ligament of Haller; and (3) at the 
cecum by the parietocolic and mesenterio- 
colic folds. All of these structures may be 
regarded as causes of hyperfixation when 
their size and strength reaches such di- 
mensions as to limit abnormally the natural 
movements of the colon. Still more dis- 
tinctly atypical is the condition known as 
pericolic hyperfixation or Jackson’s veil, in 
which there is obvious fusion of peritoneal 
surfaces normally separate. The structures 
causing this fixation vary in type from film- 
like prolongations of the peritoneum, 
scarcely to be observed until the intestine 
is distended, to distinctly thickened and 
strong bands of peritoneum causing acute 
angulation of the gut (Harvey). 

Interest in the clinical aspects of varia- 
tions in fixation seems to have been initi- 
ated by surgeons. It was apparently the 
failure to relieve right lower quadrant pain 
by appendectomy that first attracted at- 


tv 
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tention to this subject. In 1908 Wilms in- 
criminated excessive mobility of the cecum 
as the cause of this symptom, whereas in 
the following year Jackson ascribed the 
same complaint tohyperfixation of the ceco- 
colon. This naturally led to the devel- 
opment of two opposing schools of thought. 
According to one view, advocated by 
such men as Wilms and Klose | in Germany; 
Waugh, McConnell and Hardman, and 
Carslaw in Great Britain; Coffey, Quain, 
Small, Beall and Aynesworth in this coun- 
try, excessive mobility of the right colon 
is responsible for a wide variety of symp- 
toms, ranging from right lower quadrant 
pain to clinical syndromes resembling ul- 
cer, gallbladder disease, and even cancer. 
Various operative procedures were recom- 
mended from simple cecopexy, on the one 
hand, to elaborate retroperitoneal fixation 
of the entire cecocolon, on the other. For a 
critical, though on the whole favorable 
presentation of this type of operation the 
reader is referred to the paper by Houston, 
of Augusta, Georgia. 

According to the opposite viewpoint it is 
fixation by adhesions that is responsible 
for the symptoms under discussion, and 
division of these adhesions, rather than ad- 
ditional fixation is to be recommended as 
the operation of choice. These ideas were 
advocated by Jackson in this country, and 
in England by Walton, and by Carson, who 
found that “operations to fix what should 
be mobile organs are not successful,’ and 
by Flint, who doubts that a mobile colon 
can produce more than an occasional ap- 
pendicular colic. Moreover, it will be re- 
called that Sailer in his classic review, de- 
cided that the case for cecum mobile as a 
clinical entity was proven.” 

The ultra-conservative standpoint ts per- 
haps best presented by Bedingfield 1 in his 
painstaking review of the entire field of 
visceroptosis, when he concludes that “the 
physiological integrity of the colon is quite 
independent of its position and mobility.”’ 

A review of the above literature reveals 
a lack of important basic data concerning 
fixation of the colon. To be sure there have 
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been available the classic anatomical con 

tributions of Treves, Smith, and Harvey, 
but studies of the clinical significance of 
variations of colonic fixation in the living 
subject have been conspicuously few.* This 
is all the more to be deplored since modern 
roentgen methods have made such studies 
possible. In this connection may be recalled 
the early (1921) paper by Payne and 
Trahar in which several cases of normal 
and abnormal hepatic flexure and cecal 
mobility were illustrated. Barclay, 
cent study of three normal individuals, 
concludes that “in normal subjects the ab- 
dominal organs are not fixed and that they 
have a wider range of movement, both in 
relation to the abdominal wall and to each 
other, than might be expected,” and ex 

presses the hope that his “‘small study will 
do something to prick the last bubble of 
fixation and similar operations.”’ 

A somewhat more detailed investigation 
is that of McConnell and Hardman who 
observed cecocolic position, length and mo 
bility in 6 normal male and 12 normal fe- 
male subjects. Their findings will be dis- 
cussed later in connection with our own. 


in a re- 


Il. OBJECTIVES, MATERIAL, METHODS 


The present study was undertaken: (1 
to determine the range of mobility of the 
cecocolon; (2) to establish criteria for ex- 
cessive mobility and excessive fixation, and 
to report their incidence, and (3) to de- 


termine the clinical significance, if any, of 


these departures from the normal. 

The material used was an unselected 
series of 383 cases (190 males, 193 females) 
in which the mobility of the cecocolon was 
studied. These cases were all private pa- 
tients complaining of various gastroin testi- 
nal symptoms and were of the same type 
being indeed a continuation of the series 
as those in whom our previous colon studies 
were made. In addition, the results of a 
survey of 3,000 unselected cases of the same 
group were used as a basis for the general 


* A brilliant exception is Wandel’s work on volvulus of the 
cecum and ascending colon (1903). 
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incidence of the symptoms selected for in- 
vestigation. 

The roentgen method was employed to 
determine the degree of mobility of the 
cecocolon. The technique was as follows: 

All tests were made at the “‘nine hour 
observation” (1.e., nine hours after the ad- 
ministration of a barium meal, and four 
hours after an ordinary meal, in a subject 
whose gastric emptying time was known 
to be five hours). The nine hour interval 
was chosen because the cecocolon is most 
clearly outlined at that time. Films were 
made at a distance of 27 inches in both 
erect and prone positions. The location of 
the hepatic flexure was noted in relation to 
the crest of the right ilium in each position. 
Similarly, the location of the tip of the ce- 
cum was noted in relation to the top of the 
right acetabulum. In plotting the position 
of the hepatic flexure, the topmost point, 
whether barium or gas filled, was taken as a 
landmark. 

It should be pointed out that cases of 
non-rotation of the colon, which are, 
properly speaking, instances of abnormal 
fixation as well, cannot be studied by the 
methods described above. We have en- 
countered a few such cases in our expe- 
rience and although they will be mentioned 
in this paper to complete the presentation 
of the subject, their detailed description 
will be deferred to another occasion. 


III. BASIC FINDINGS AND CRITERIA 
Position of Hepatic Flexure and Cecum. 
As shown in Table 1, the average location 
of the hepatic flexure observed in the prove 
position nine hours after a standard opaque 
meal, is slightly over 3 inches above the 
crest of the right ilium. It lies about } inch 
higher in males than in females. In the 
erect posture the average position of the 
hepatic flexure is slightly less than 1} 
inches above the ilium, being about 3 inch 
higher in males than in females (Fig. 1). 
These figures compare fairly well with 
those of McConnell and Hardman and 


with those of Barclay. The former made 
their observations twenty-four hours after 
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the barium meal. The interval in Barclay’s 
cases is not stated. The Irish observers 
found the hepatic flexure in the prone pos- 
ture to be 4 inches above the crest in males 
and 3 inches above in females, whereas 
Barclay found it “three or four’ inches 
above this level. In the erect posture, ac- 
cording to the former observers, the hepatic 
flexure was 13 inches above the crest in 
males and } inch above in females. Bar- 
clay found it “an inch or more” above the 
crest, the sex not being stated. 

The difference between our figures and 
those of our British colleagues may be 
explained either by the small number of 


TABLE | 


LOCATION OF HEPATIC FLEXURE AND CECUM 


Hepatic flexure 


Position in inches 


above iliac crest Excursion 


Prone Erect 
Males 3.37 1.79 1.58 
Kemales 2.80 1.1] 1.69 
Average 1.44 1.67 
Cecum 


Position in inches above} 


top of acetabulum Excursion 


Prone | Erect 
Males | 6s 
Kemales 2.99 
\verage 1.48 16 
* Below the top of acetabulum. 
Tasce 


RELATIVE INCIDENCE OF NORMAI AND 


MOBILITY IN 353 


ABNORMAL 


CASES 
Hepatic flexure 


Cases! Per 


Cent 

Hypermobile 3 inches or over 4 10.4 
Normal between 1 and 3inches| 236 | 61.7 
Fixed 1 inch or less 107 27.9 
Cecum Cases| Per 

Cent 

Hypermobile 25 inches or over 4 10.4 
Normal between 1 and 25 inches, 177 | 46.2 
Fixed 1 inch or less 166 | 43.3 


= 

= 
_- 
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cases reported by the latter, or by their 
choice of the twenty-four hour period for 
their observations, a time at which the 
mobility of the cecocolon may possibly be 
greater than at nine hours. 

The average position of the cecum in the 
prone posture in our series is about 1} 
inches above the top of the right acet- 
abulum, being 1 inch higher in males than 
in females. In the erect posture the average 
location of the cecum is about } inch above 
the acetabulum, being again 1 inch higher 
in’males than in females. It is interesting 
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we, 
(see below), and we are at a loss to explain 
it except on the assumption that our tech- 
nique is not sufficiently refined to register 
such a difference. 

Range of Mobility. The average range of 
mobility of the hepatic flexure in the shift 
from the prone to the erect posture is 12 
inches. This mobility is about 1/10 inch 
greater in females than in males. McCon- 
nell and Hardman also found a greater 
excursion of the hepatic flexure in females 
but the range of movement was consider- 
ably higher in both sexes—-2} inches for 


Fic. 1. Normal mobility of cecocolon nine hours after opaque meal. A. Prone. B. Erect. 


to note that in this posture (erect) the 
cecal tip in females averaged } inch below 
the top of the acetabulum (Fig. 1). 

Length of the Cecocolon. The average 
length of the cecocolon is just short of 7 
inches (6.82 inches). In females it is } inch 
greater in the prone and 1/10 inch greater 
in the erect posture than it is in males. 
The length of the cecocolon, as far as we 
could determine by measurement, seems 
to be fairly constant in both prone and erect 
positions. The same conclusion was reached 
by McConnell and Hardman. This con- 
stancy is rather surprising in view of the 
greater average drop in position of the 
hepatic flexure than of the cecum in the 
change from the prone to the erect posture 


inches for females—than in our 
series. Possible reasons for this discrepancy 
have already been mentioned. 

The greatest vertical mobility of the 
hepatic flexure in our series was 43 inches. 

The average vertical mobility of the 
cecum is about 1} inches, or } inch less 
than that of the hepatic flexure. There is 
practically no difference (about 1/50 inch 
in favor of the males) between the two 
sexes. 

The greatest vertical mobility of the 
cecum in our series was 4} inches. 

As implied above, hepatic flexure mobil- 
ity usually exceeds cecal mobility. This 
occurred in 61 per cent of our cases. It is 
conceivable that this difference in range of 


males; 23 
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excursion may be more apparent than real, than the hepatic flexure because of the 
because in observations made in the usual greater relative fixation in the lower region. 
posteroanterior direction, the hepatic flex- The opposite is also true, for in 24 per cent 
ure probably descends in a more vertical of cases cecal mobility exceeded hepatic 
line than does the cecum which slides from flexure mobility. For the sake of complete- 
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Fic. 2. Excessive mobility of cecocolon (hypofixation, hypermobility, right coloptosis) 
nine hours after opaque meal. a. Prone. B. Erect. 


Fic. 3. Excessive fixation of cecocolon (hyperfixation, hypomobility) nine 
hours after opaque meal. a. Prone. B. Erect. 


behind forward down an inclined plane ness it may be mentioned that in 14 per 
formed by the psoas shelf.* On the other cent of cases the mobility of both regions 
hand, there must undoubtedly be instances was exactly equal. 


in which the cecum actually does move less Criteria of Abnormal Fixation. For the 
” According to Coffey this inclined plane forms an angle of purpose of this study excessive mobility of 
51° with the horizontal and takes up 30 per cent of the weight of re . 


hepatic flexure (hypofixation, hypermo- 
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bility, right coloptosis) was arbitrarily 
diagnosed when the vertical excursion 
reached 3 inches or more. Abnormal mo- 
bility of the cecum was diagnosed when 
the excursion reached 23 
(Fig. 2). 

Excessive fixation (hyperfixation, hypo- 
mobility) of either the hepatic flexure or 
the cecum was arbitrarily assumed to exist 
when the vertical range in mobility result- 
ing from change in posture was one inch 
or less (Fig. 3). 

The relative incidence of normal and 
abnormal mobility is shown in Table 11. 


inches or more 


IV. THE INCIDENCE OF EXCESSIVE MOBILITY 


(TABLE IIL) 

Hepatic Flexure. According to the criteria 
utilized in this paper, excessive mobility 
of the hepatic flexure occurred in 40 of our 
383 cases, an incidence of 10.4 per cent. 
It is dificult to compare these figures with 
the literature because similar roentgen 
studies of the mobility of the hepatic flex- 
ure as such have apparently not been 
made. 

The best we can do is to review the 
anatomical studies in which the frequency 
of a persistent ascending mesocolon has 
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been noted. Thus Treves discovered this 
structure in 26 per cent of 100 bodies ex- 
amined for this purpose. Smith, in 2 series 
of 982 new-born infants, found an ascend 
ing mesocolon in 30 per cent and a mesen- 
terium commune in an additional 1.7 per 
cent. The nearest approach to our findings 
are the figures of Harvey who reports a 
mesocolon on the right side in 13 per cent 
of 105 infant cadavers. 

Sex. Excessive hepatic flexure mobility 
predominated in females over males in the 
proportion of 60 per cent to 40 per cent. 
In Harvey’s smaller series 80 per cent were 
females, indicating, as he believes, “‘a later 
fixation of the intestine in the female.” 

Habitus. Hepatic flexure mobility oc 
curred over four times as often in sthenics 
(47 per cent) as in asthenics (10 per cent). 

Associated anomalies. The incidence of 
high ceca was over twice as great as normal 
in the hepatic flexure mobility cases (15 
per cent vs. normal 6.4 per cent), and, con- 
versely, the incidence of hepatic flexure 
mobility was slightly higher than normal 
in the high cecum series. The incidence of 
low ceca in the hepatic flexure mobility 
series was reduced slightly below the nor- 
mal figures. This relative infrequency of 


III 


INCIDENCE OF EXCESSIVE MOBILITY 


General 
Hepatic Flexure Cecum Cecocolon 
Incidence 
Cases PerCent Cases PerCent) Cases Per Cent Per Cent 
General 40 10.4 40 10.4 15 3-9 
Sex 
kemales 24 60.0 1g 47.5 8 $3.3 49.3 
Males 40.0 21 §2.5 7 46.7 
Habitus 
Asthenic 4 10.0 3 74 I 6.6 21 
Sthenic 1g 47.0 2 $5.0 9 60.¢ 28 .6 
Associated anomalies 
High cecum 6 15.0 12 30.0 4 26.6 6.4 
Low cecum 5 12.5 I 2.4 18.8 
Duodenal bands 3 Jeo] 3 2 4.0 


(in 3g cases) 
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hyperfixation and hyperdescent was also 
mentioned by Harvey. The incidence of 
duodenal bands was apparently slightly 
increased (7.7 per cent vs. normal 4.8 per 
cent), but this finding must not be accepted 
as final owing to the small number of 
cases (3). Besides, it is not in accord with 
our previous observations that sthenic in- 
dividuals have a definitely low incidence 
of duodenal bands. 

Cecum. The incidence of excessive mobil- 
ity of the cecum was exactly the same as 
that of the hepatic flexure, namely 40 cases 
in 383, or 10.4 per cent. These figures corre- 
spond closely with those of Engel, Treves, 
and Wandel. The last named made a par- 
ticularly careful survey of 640 autopsies 
and found that a mobile cecum, of a degree 
sufficient to permit kinking, torsion, or dis- 
placement, occurred in 66 cases, an inci- 
dence of 10.3 per cent. 

Sex. In our series the males predomi- 
nated slightly over the females in the pro- 
portion of $2.5 per cent to 47.5 per cent. 
These findings also are confirmed by Wandel 
who found an incidence of $3 per cent males 
and 47 per cent females. 

Habitus. Sthenics show a striking pre- 
dominance over asthenics in our mobile 
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cecum cases. There were 55 per cent of the 
former and 7.5 per cent of the latter. 

Associated anomalies. The incidence of 
high cecum was increased (30 per cent vs. 
normal 6.4 per cent) and that of low cecum 
diminished (2.5 per cent vs. normal 18.8 
per cent). Conversely the incidence of 
mobile ceca was increased 3} times in 24 
roentgen-rayed cases of high cecum and 
was diminished to } the basic level in 82 
cases of low cecum. Duodenal bands oc- 
curred in 3 cases of our mobile cecum group, 
but, as stated in connection with increased 
hepatic flexure mobility, this number is 
probably too small to have statistical im- 
portance. 

Cecocolon. Excessive mobility of both 
hepatic flexure and cecum in the same sub- 
ject (cecocolic hypofixation) occurred in 
only 15 of our 383 cases, an incidence of 
3.9 per cent. This small group, as will be 
seen again later, occupies a position mid- 
way between that of simple hepatic flex- 
ure mobility and that of simple cecal 
mobility. Females predominated over males 
($3.3 per cent vs. 46.7 per cent), and 
sthenics over asthenics (60.0 per cent vs. 
6.6 per cent). High ceca occurred in 27 per 
cent. There were no low ceca. There were 


TaBLe IV 


INCIDENCE Of} 


EXCESSIVE FIXATION 


General 


Hepatic Flexure Cecum Cecocolon 
ncidence 
Cases Per Cent Cases PerCent! Cases Per Cent Per Cent 
General 107 27.9 166 43-3 76 19.8 
Sex 
Kemales 42 39-3 79 47.6 31 40.8 49.3 
Males 65 60.7 87 $2.4 45 $g.2 50.7 
Habitus 
Asthenic 2 18.7 52 4 18 23.6 21 
Sthenic 34 46 27.7 22 28.9 28 .6 
Associated anomalies 
High cecum 3 2.8 4.2 4 5.2 6.4 
Low cecum 28 26.1 64 35.6 23 36 15.6 
Duodenal bands 1 10.2 17 10.7 8 10.9 4.8 


(in 97 cases) 


(in 73 cases) 


| 
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2 cases of duodenal bands. In addition we 
have encountered 3 cases of non-rotation 
of the cecum. Since these cases must 
necessarily present the condition of mesen- 
terium commune they should be mentioned 
in this connection. 


V. THE INCIDENCE OF EXCESSIVE FIXATION 
(TABLE IV) 

Hepatic Flexure. According to the criteria 
utilized in this paper excessive fixation of 
the hepatic flexure occurred in 107 of our 
383 cases, an incidence of 27.9 per cent. 
According to Harvey, fixation in the region 
of the hepatic flexure may be caused either 
by the hepatocolic ligament (cystocolic 
fold, ligament of Huschke) or by the pres- 
ence of the colic omentum of Haller (1.e., 
descent of the omentum upon the casend- 
ing colon for a distance of over 2 cm.) In 
Harvey’s 105 infants the incidence of the 
former structure was 18 per cent and of the 
latter 9.5 per cent, making a total incidence 
of hepatic flexure fixation of 27.5 per cent, 
a figure practically the same as our own. 

Sex. Excessive hepatic flexure fixation 
predominated in males in the proportion 
of 60.7 per cent to 39.3 per cent. The only 
comparable figures in the literature are 
again those of Harvey. His observations 
refer only to the presence of the cystocolic 
fold which occurred in females in 60 per 
cent of his 20 cases. 

Habitus. The incidence of sthenics and 
of asthenics in the group of excessive 
hepatic flexure fixation cases showed prac- 
tically no departure from the general in- 
cidence in unselected cases. 

Associated anomalies. Low ceca occurred 
one and one-half times as often in the 
hepatic flexure fixation cases as in the un- 
selected series (26.1 per cent vs. normal 
18.8 per cent), whereas high ceca occurred 
less than half as often. Conversely, fixed 
hepatic flexures occurred one and one- 
fourth times as often as usual in 83 cases 
of low cecum, and less than one-half as 
often in 24 cases of high cecum. The in- 
cidence of duodenal bands was twice as 
high as normal, and conversely fixed he- 
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patic flexures occurred slightly more than 
one and one-fourth times the basic inci- 
dence in 24 cases of duodenal bands. The 
above findings in regard to the association 
of hepatic flexure fixation and cecal hyper- 
descent (low cecum) are confirmed by 
Harvey. 

Cecum. Excessive fixation of the cecum 
occurred in 166 of our 383 cases, an inci- 
dence of 43.3 per cent. Since this figure 
differs somewhat from those (32 per cent) 
previously published by us in our studies, 
a word of explanation may be in order. In 
the previous studies observations were 
made only on low ceca and the criterion 
of fixation was restriction of cecal mobility 
to one inch or less in the prone posture at 


all observations throughout the progress of 


the opaque meal and before and after the 
evacuation of the opaque enema. In the 
present study all ceca were included, 
whether high, low or normal in descent; 
but the only observation made was ex- 
tent of excursion on change from prone to 
erect position at the nine hour examination. 

It is extremely difficult to compare our 
incidence figures with those of the liter- 
ature. In the first place we cannot deny 
the possibility already mentioned in our 
section on “‘Range of Mobility,” that ow 
ing to foreshortening unavoidable in our 
technique the actual mobility of the cecum 
may be greater than our measurements 
indicate, with the result that our figures 
for excessive fixation may be higher than 
they should be. In the second place, even 
among anatomists who work free from the 
limitations imposed on_ roentgenologists, 
there is little consensus of opinion as to 
what structures must be present to con- 
stitute pericecal hyperfixation Thus Har 
vey gives an incidence of 12.7 per cent for 
pericecal hyperfixation, and he even in- 
cludes membranes that lie only on the 
cecum without attachment to the parieties. 
All these considerations do not invalidate 
the figures obtained by the roentgen meth- 
od, since they are in every way comparable 
with any other roentgen data obtained by 
similar technique. 
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Sex. Excessive cecal fixation seems to 
predominate slightly in males, our figures 
being 52.4 per cent for males as against 
47.6 per cent for females. 

Habitus. Asthenics predominated over 
sthenics (31.3 per cent vs. 27.7 per cent), 
thus reversing the basic figures (21 per 
cent asthenics vs. 28.6 per cent sthenics). 

Associated anomalies. Low ceca occurred 
more than twice as often as normal (38.6 
per cent vs. 18.8 per cent) in the fixed 
cecum cases. The incidence of high ceca 
was reduced slightly below the normal 
figures (4.2 per cent vs. 6.4 per cent). 
Conversely, the incidence of fixed ceca 
was preceptibly increased above normal in 
the series of 83 low ceca, whereas it was 
considerably reduced below the average in 
24 cases of high cecum. Duodenal bands 
occurred twice as often as normal in fixed 
ceca (10.7 per cent vs. 4.8 per cent), and 
conversely, fixed ceca occurred more often 
than normal in the 24 cases of duodenal 
bands (33 per cent vs. 28 per cent). 

Cecocolon. Excessive fixation of both 
hepatic flexure and cecum in the same 
subject (cecocolic hyperfixation) occurred 
in 76 of our 383 cases, an incidence of 19.8 
percent. The incidence figures corresponded 
to those just cited for the hepatic flexure 
alone and for the cecum alone in regard to 
sex and anomalies. The habitus incidence 
was practically normal. 


VI. CLINICAL SIGNIFICANCE OF 
MOBILITY (TABLE V) 


EXCESSIVE 


Hepatic Flexure. General symptoms. In 
our 40 cases of hypermobile hepatic flexure 
the incidence of headaches was increased 
to one and one-half times the general in- 


cidence (35 per cent vs. 23 per cent). The 
converse relationship, however, is not true: 
there was no appreciable increase of hepatic 
flexure mobility above the basic incidence 
In a series of 110 roentgen-rayed headache 
cases. In other words, the evidence for an 
intimate relation between headaches and 
hepatic flexure mobility is by no means so 


clean cut as, for example, in the case of 


the low cecum. 
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The tendency to vomit seems dimin- 
ished in cases of hepatic flexure hypermo- 
bility (15 per cent vs. normal 20 per cent). 
Conversely, hypermobile hepatic flexures 
occurred in less than the basic incidence 
(7.7 per cent vs. 10.4 per cent) in gI roent- 
gen-rayed vomiting cases. 

Accordingly we have little reason to be- 
lieve’ that there is anyjimportant clinical 
connection between either headaches or 
vomiting and hepatic flexure hypermobil- 
ity. 

Local symptoms and signs. The incidence 
of right lower quadrant pain was increased 
two and one-half times (25 per cent vs. 
g.§ per cent) and that of right lower quad- 
rant tenderness one and one-half times 
(27.5 per cent vs. 19.5 per cent) over their 
basic incidence, in our group of hepatic 
hypermobility cases. Conversely, hepatic 
Hexure hypermobility was increased one 
and one-half times over its basic incidence 
in $7 roentgen-rayed cases of right lower 
quadrant pain and also one and one-half 
times over its basic incidence in go roent- 
gen-rayed cases of right lower quadrant 
tenderness. One may therefore assume a 
close relation between increased hepatic 
flexure mobility, on the one hand, and 
pain and tenderness in the right lower 
quardant, on the other. In view of these 
findings it was thought of interest to in- 
vestigate the incidence of appendectomy. 
This operation was performed one and 
one-half times more frequently in the 
hypermobile hepatic flexure cases than in 
the general series (25 per cent vs. 17.2 per 
cent). Yet the incidence of hepatic flexure 
hypermobility was only slightly increased 
above the basic level (11.1 per cent vs. 10.4 
per cent) in 99 roentgen-rayed appendec- 
tomized patients. One would therefore 
hesitate to conclude (as it was concluded 
in the case of low cecum, for example) that 
the presence of mobile hepatic flexure is in 
itself responsible for an increased frequency 
of appendix operations. 

Associated conditions. Both constipation 
(57.5 per cent vs. 46.5 per cent) and cecal 
stasis (33.3 per cent vs. 27.5 per cent) were 
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found to be slightly increased over their 
general incidence. Conversely, also, the 
incidence of hepatic flexure mobility was 


slightly increased 182 roentgen-rayed 
constipation cases. In cecal stasis, how- 
ever, its incidence was practically un- 


changed from the basic figures. ‘‘Colitis’’ 
(i.e., colonic irritability), on the other hand. 
showed no appreciable variation in hepatic 
flexure hypermobility from the basic fig- 
ures; nor did the incidence of hepatic flexure 
hypermobility vary much from the average 
in 239 roentgen- rayed cases of colitis. In 
other words, hepatic flexure hypermobility 
seems, if anything, to be associated with 
a tendency to colonic stasis rather than to 
irritability. 

An interesting finding was noted in re- 
gard to gallbladder disease. This occurred 
twice as often in mobile hepatic flexures as 
in the general series and four times as 
often as in the fixed hepatic flexures. Con- 
versely also, the incidence of hypermobile 
hepatic flexures was increased about one 
and one-half times over the basic incidence 
(15.8 per cent vs. 10.4 per cent) in Ig 
roentgen-rayed cases of proved gallbladder 
disease. Unfortunately, we have here but 
a small number of cases—s in the mobile, 
and 3 in the fixed group—but we believe 
that our observations are sufficiently clear- 
cut to be confirmed by subsequent experi- 
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ence. This subject will be discussed further 
in connection with hepatic flexure fixation. 

Cecum. General symptoms. In the 4o 
cases of cecal hypermobility the incidence 
of headaches was increased above that of 
the basic level (30 per cent vs. 23.3 per 
cent). As in the case of hepatic flexure 
hypermobility, however, the converse was 
not true; there was no appreciable increase 
of cecal mobility in the series of 11 
gen-rayed headache cases. 

The tendency to vomit was slightly 
diminished in cecal hypermobility and the 
converse relationship was also true. There 
is therefore little evidence pointing to an 
intimate association between cecal hyper- 
mobility and either headaches or vomiting. 

Local symptoms and signs. There was 
no increase in the incidence of either right 
lower quadrant pain or right lower quad- 

rant tenderness in the series of hypermobile 

ceca. Conversely the incidence of hyper- 
mobile ceca was even lower than basic in 
$0 roentgen-rayed cases of right lower 
quadrant pain and in go cases of right 
lower quadrant tenderness examined roent- 
genologically. 

The frequency of appendectomy in cecal 
hypermobility was the same as in the gen- 
eral series. Conversely, the incidence of 
cecal hypermobility in 99 roentgen-rayed 
appendectomized patients was somewhat 


roent- 


TABLE V 


CLINICAL 


FINDINGS IN EXCESSIVE MOBILITY 


Hepatic Flexure Cecum Cecolon General 
(40 Cases) (40 Cases) (15 cases) Incidence 
Cases PerCent Cases PerCent Cases ead Cent Per Cent 
Headaches 14 35.0 12 30.0 5 33-0 33.3 
Vomiting 6 15.0 6 15.0 2 I 33 19.9 
Right lower quadrant pain 10 25.0 4 10.0 3 20.0 9.5 
Right lower quadrant ten- 
derness 11 27.5 7 17.5 2 13.3 19.5 
Appendectomy 10 25.0 7 17.5 2 i3.3 17.2 
Constipation 23 $7.5 13 32.5 7 46.6 46.5 
Cecal statis 13 33-3 28.9 5 35. 
(in 39 cases) (in 14 cases) 
“Colitis” 23 $7.5 29 72.5 11 7.4 $7.4 
Gallbladder disease 5 12.5 5 12.5 3 20.0 6.1 
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reduced below the basic level (7.1 per cent more often in mobile ceca, mobile ceca oc- 
vs. 10.4 per cent). curred less often than the average in gall- 
There is therefore no relation between bladder disease. Hence there seems no 
cecal hypermobility and right lower quad- reason to suspect any significant relation- 
rant pain or tenderness, on the one hand, ship between the two conditions. 
or previous appendectomy, on the other. Cecocolon. Owing to the small number 
Associated conditions. Constipation oc- of cases (15) it is impossible to draw con- 
curred less often in hypermobile ceca (32.5 clusions by the use of the statistical method. 
per cent) than in the general series (46.5 Our general impression in regard to ceco- 
per cent). Conversely, the incidence of colic hypermobility is that the findings 
cecal hypermobility in 182 roentgen-rayed concerning general and local symptoms 
cases of constipation was also slightly and associated conditions are about “‘mid- 
diminished (7.1 per cent vs. basic 10.4 per way” between those for hypermobility of 


cent). The incidence of cecal stasis in hy- the hepatic flexure alone and hypermobility 
permobile ceca was not appreciably altered of the cecum alone. 
from the basic figures, and vice versa. It is important to note that it is only in 


On the other hand, the incidence of cases of non-fixation of the cecocolon, with 
“colitis” was appreciably increased above or without a mesenterium commune, that 
the basic (72.5 per cent vs. §7.4 per cent) there can occur such acute surgical compli- 
in cecal hypermobility. The converse find- cations as volvulus of the cecocolon, ileo- 
ing was not so marked: the incidence of cecal intussusception or prolapse of the 
cecal hypermobility was only slightly in- cecum through a hernia. In addition to our 
creased above the basic (11.7 per cent vs. 15 cases of hypermobile cecocolon we had 
10.4 per cent) in 239 roentgen-rayed cases 3 cases of non-rotation of the cecum. These 
of colitis. latter, with their accompanying mesenteria 

Krom the above it may be concluded commune presumably represent the most 
that cecal hypermobility is associated with mobile arrangement of both the small and 
an increase rather than with a diminution _ large intestine encountered in extrauterine 
in colonic irritability, a finding opposite to life. None of our mobile cases, however, 
that in hypermobility of the hepatic flexure. developed any of the acute surgical compli- 

Although gallbladder disease occurred cations above mentioned. 


TaBLe VI 


CLINICAL FINDINGS IN EXCESSIVE FIXATION 


Hepatic Flexure Cecum Cecocolon General 
(107 cases) 166 cases) (76 cases Incidence 
Cases PerCent Cases PerCent Cases Per Cent Per Cent 
Headaches 32 29.9 62 37.4 25 32.9 3.3 
Vomiting 27 26.2 52 31.3 24 93.4 19.9 
Right lower quadrant pain 9 8.4 22 13.2 11 14.5 9.5 
Right lower quadrant ten- 
derness 17 15.8 37 22.3 14 18.4 19.5 
Appendectomy 26 24.4 4 28 .3 1g 25 (7:2 
Constipation 45 44.6 7 40.4 32 42 46.5 
Cecal stasis 31 29.5 47 28.4 23 30.7 27.8 
(in 105 cases) in 165 cases) (in 75 cases 
71 07. gl 45 64 
(in 106 cases) in 164 cases) (in 75 cases 


vallbladder disease 3 2.8 9g 3 2.9 
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VII. CLINICAL SIGNIFICANCE OF EXCESSIVE 
FIXATION (TABLE VI) 

Hepatic Flexure. General symptoms. In 
cases of hyperfixed hepatic flexure the in- 
cidence of headaches was increased about 
one-quarter above the general incidence 
(29.9 per cent vs. 23.3 per cent). Converse- 
ly, there was no change from the basic 
figures in the incidence of fixed hepatic 
flexures in 110 roentgen-rayed cases of 
headache. Quite similar findings were ob- 
served in the case of vomiting. There is 
therefore no reason to assume a special 
association between hepatic flexure fixation 
and either headaches or vomiting. 

Local symptoms and signs. The incidence 
of right lower quadrant pain was slightly, 
and that of right lower quadrant tender- 
ness appreciably, diminished in hepatic 
flexure fixation when compared with the 
basic figures. More striking was the reverse 
relationship, i.e. the incidence of hepatic 
flexure fixation was considerably lower 
than the average in $7 roentgen-rayed cases 
of right lower quadrant pain and in go 
roentgen-rayed cases of right lower quad- 
rant tenderness. Therefore, to say the 
least, a fixed hepatic flexure, unlike a mo- 
bile one, does not seem to predispose to 
right iliac pain and tenderness. 

The incidence of appendectomy in he- 
patic flexure fixation is moderately higher 
than the average (24.3 per cent vs. 17.2 
per cent), but the incidence of hepatic 
flexure fixation is less than the average in 
99 roentgen-rayed appendectomized pa- 
tients. 

Associated conditions. There is no alter- 
ation from the basic figures in the in- 
cidence of constipation in hepatic flexure 
fixation and vice versa. The same holds 
true for cecal stasis. 

On the other hand, the incidence of 
“colitis” in hepatic flexure fixation was 67 
per cent as compared with a basic incidence 
of 57.4 per cent. Conversely, the incidence 
of hepatic flexure fixation in 239 roentgen- 
rayed colitis cases was also increased in 
somewhat similar proportion (30.9 per cent 
vs. 27.9 per cent). 
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Krom the above it would appear safe to 
conclude that hepatic flexure fixation is 
more intimately connected with colonic 
irritability than with colonic stasis. 

It has already been mentioned that the 
incidence of gallbladder disease is consider- 
ably greater than the average in hepatic 
flexure mobility. In hepatic flexure fixation, 
on the other hand, it is less than the aver- 
age (2.8 per cent vs. 6.1 per cent). The 
converse is also true, hepatic flexure fixa- 
tion occurring in 15.8 per cent as against 
the basic 27.9 per cent, in 19 roentgen- 
rayed cases of proved gallbladder disease. 
Despite the small series we believe we are 
justified in concluding that there is no 
intimate relation between gallbladder dis- 
ease and hepatic flexure fixation. This is 
all the more striking because of the rather 
general impression that fixation of the 
hepatic flexure (or at least of the proximal 
transverse colon in the region of the hepatic 
flexure) is one of the secondary signs of 
gallbladder disease. One must conclude, if 
the above data are confirmed, that con- 
genital fixation is a far more common 
phenomenon than is acquired fixation in 
this neighborhood. 

Finally, 5 cases of cholecystectomy were 
investigated to find out whether this oper- 
ation tends to fix the hepatic flexure. Ap- 
parently it does not, for in 4 out of the 
5, the hepatic flexure mobility was normal 
and in the fifth case it was excessive. 

Cecum. General symptoms. In the fixed 
ceca the incidence of headaches was in- 
creased more than one and one-half times 
above the general incidence (37.4 per cent 
vs. 23.3 per cent). Conversely, the inci- 
dence of fixed ceca was increased from the 
basic 43.3 per cent to $5. 5 per cent in 110 
roentgen-rayed headache cases. Almost 
similar increases were noted in the case of 
vomiting. In attempting to appraise the 
clinical significance of the above figures it 
is essential to bear in mind that low ceca, 
which are notoriously associated with a 
high incidence of headache and vomiting, 
occurred in as many as 64 of the 166 cases 
of fixed ceca. In order therefore to decide 
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what role in the above findings was played 
by the fixation rather than by the lowness 
of the ceca, the 64 cases of low ceca were 
removed from the total list of fixed ceca 
and the incidence of headache and vomit- 
ing was recalculated for the remainder 
(fixation in normal or high ceca). When this 
was done, the incidence of vomiting was 
found reduced to the basic figure, while 
that of headache was still found appreci- 
ably higher (33 per cent) than the general 
average (23 per cent). 

When however, we examined a series of 
78 roentgen-rayed headache cases, com- 
posed exclusively of normal or high ceca, 
the incidence of cecal fixation was found 
to be slightly lower than the basic figure. 
It may therefore be safely concluded that 
there is no significant relationship between 
cecal fixation per se and either headaches 
or vomiting. 

Local symptoms and signs. There was 
a slight increase in both right lower quad- 
rant pain and right lower quadrant tender- 
ness in the group of fixed ceca. The con- 
verse relationship held for right lower quad- 
rant pain but not for tenderness. 

The incidence of appendectomy was in- 
creased from the basic 17.2 per cent to 28.3 
per cent in the fixed cecum cases, but most, 
if not all, of this increase may safely be 
attributed to the high incidence of low 
ceca in this group. On the other hand, the 
incidence of fixed ceca was not increased 
above the basic level in 99 roentgen-rayed 
appendectomized patients. From this it 
may be concluded that appendectomy as 
such does not tend to fix the cecum. 

Associated conditions. There was no 
alteration from the basic findings in the 
relation of constipation to cecal fixation, 
and vice versa. The same holds true for 
cecal stasis and for “‘colitis.”’ 

Just as in the case of mobile ceca, there 
is no relation between the incidence of gall- 
bladder disease and cecal fixation. 

Cecocolon. The findings in regard to gen- 
eral and local symptoms and associated 
conditions in cecocolic fixation were similar 
to those obtained in the case of fixed ceca, 
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with the exception that the frequency of 
“colitis” was increased from the basic 57.4 
per cent to 64 per cent. In this latter re- 
spect therefore this group resembled he- 
patic flexure fixation more closely than 
cecal fixation. 


VIII. COMMENT 


The above study does not appear to re- 
veal any marked clinical disturbances as- 
sociated with the usual ranges of variations 
in fixation of the cecocolon as a whole, or 
of either of its terminations (cecum, he- 
patic flexure) regarded separately. Such 
disturbances as are present seem to be ade- 
quately handled by the usual methods of 
conservative medical management, such 
as are implied in the competent treatment 
of the unstable colon. In none of our cases 
did we feel called upon to recommend sur- 
gical therapy. 

We therefore believe that there is no 
need for operative intervention in atypical 
fixations of the colon except where actual 
evidence of intestinal obstruction is de- 
monstrable. This would practically restrict 
such intervention to cases of volvulus and 
intussusception when excessive mobility is 
present, and to cases of obstruction by 
bands when excessive fixation is present. 

The observation that hepatic flexure 
fixation is not associated with either gall- 
bladder disease or gallbladder operations 
may be explained by the fact that in the 
majority of instances the fixation repre- 
sents a congenital and not an acquired 
phenomenon. Similarly, the majority of 
cecal fixations may also be regarded as 
congenital rather than acquired in origin. 


IX. SUMMARY 


1. The average vertical range of mobility 
of the hepatic flexure is 1? inches. Normal 
variations in mobility range from over 1 
inch to under 3 inches. 

2. The average vertical range of mobility 
of the cecum is 13 inches. Normal vari- 
ations range from over 1 inch to under 2} 
inches. 

3. Hypermobility of the hepatic flexure 
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may be said to exist when the vertical 
range is 3 inches or more, and hyperfixation 
when the vertical range is 1 inch or less. 

4. Hypermobility of the cecum may be 
said to exist when the vertical range is 
2} inches or more, and hyperfixation when 
the vertical range is 1 inch or less. 

Excessive mobility of either the he- 
patic flexure or the cecum occurs in 10 per 
cent of cases. Excessive mobility of the 
cecocolon as a whole occurs in 4 per cent 
of cases. Excessive mobility in general is 
associated with the sthenic habitus and 
with a high cecum 
Excessive fixation of the hepatic flex- 

ure occurs in 28 per cent of cases; of the 
cecum in 43 per cent of cases; and of the 
cecocolon in 20 per cent of cases. In gen- 
eral, excessive fixation 1s associated with 
low ceca, and with duodenal bands. 

7. Clinically, hypermobility of the he- 
patic flexure alone is associated with right 
lower quadrant pain and right lower quad- 


Kantor and Samuel Schechter June, 1 


rant tenderness and with a tendency to 
colonic stasis. Hypermobility of the cecum 
alone is associated with increased colonic 
irritability. Hypermobility of the ceco- 
colon is a prerequisite for volvulus and in- 
tussusception. 

8. Clinically, hyperfixation of the hepatic 
flexure alone is associated with a tendency 
to colonic irritability. There is no evidence 
of association with gallbladder disease, nor 
does cholecystectomy tend to fix the he- 
patic flexure Hyperfixation of the cecum 
alone is apparently asymptomatic. There 
is no evidence that cecal fixation results 
from appendectomy. Hyperfixation of the 
cecocolon is associated with 
colonic irritability. 

g. Surgical therapy does not seem in- 


increased 


dicated in the great majority of cases of 


variations in fixation of the cecocolon. This 
form of treatment should be reserved for 
cases in which there is evidence of intestinal 
obstruction. 
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MYOCARDIAL CALCIFICATION* 


By JOHN J. MOORE 
Mayor, Medical Corps, U. 8S. Army, Director, Department of Roentgenology, 
Army Medical School, Army Medical Center 
WASHINGTON, D.C. 


OENTGENOLOGIC literature on the 

demonstration of myocardial calcifi- 
cation during life, and in which the findings 
have been subsequently confirmed by ne- 
cropsy, is extremely meager. In contrast 
to myocardial calcification, roentgenologic 
literature on pericardial calcification is 
quite abundant. 

Scholz,° in 1924, reported the first case 
on record in which calcium deposits within 
the heart wall itself, without involvement 
of the pericardium, were demonstrated 
roentgenographically intra vitam, and in 
which the roentgen diagnosis was confirmed 
at necropsy. 

The cases published by Groedel® and 
l.eWald'‘ were not proved by necropsy and 
the cases reported by Simmonds*® concerned 
roentgenograms of autopsy specimens. 

A review of the literature from 1925 to 
1930 reveals no cases of myocardial calci- 
fication in which roentgen diagnosis was 
made and subsequently proved by autopsy. 

We wish to present the second case for 
record. The clinical brief is as follows: 


A. M., aged sixty, white male, born in Pales- 
tine. Admitted to Letterman General Hospital, 
San Francisco, California, November 15, 1929, 
at 5:00 p.M., and died at 11:25 p.m. 

Kamily History. Unessential. 

Past History. Former blacksmith. Does not 
use alcohol; moderate user of tobacco. He had 
malaria in 1899 and in 1914. Has had “heart 
trouble” since 1918. Patient states that he had 
precordial pain of sharp, nonradiating type, 
which was brought on by exertion and pre- 
vented his doing heavy work. He has had three 
previous admissions to this hospital. 

First admission: October 23, 1927, to Ear, 
Nose and Throat Ward. Diagnosis: Sinusitis, 
chronic, suppurative, ethmoidal and maxillary, 
bilateral. Treatment: Antrum puncture. Heart 
was normal on physical examination. Blood 


pressure 110/60. Discharged improved, Octo- 
ber 31, 1927. 

Second admission: June 30, 1928, to Ear, 
Nose and Throat Ward. Recurrence of previous 
sinus trouble. Treatment: Radical operation. 
Heart normal on physical examination. Blood 
pressure 135/80. Routine laboratory tests nega- 
tive. Discharged cured, July 13, 1928. 

Third admission: September 10, 1929, to 
general medical ward. With complaint of pain 
in left shoulder which was aggravated by mo- 
tion. States his family physician’s diagnosis was 
neuritis. Roentgenograms of left shoulder were 
negative for arthritic changes. The cause of the 
condition was not determined at this time. In- 
cidentally he was sent to the Roentgen De 
partment for cardiac studies because of pre- 
cordial pain. 

Roentgen Examination. September 21, 1929. 
Roentgenoscopy and films, posteroanterior, left 
lateral and left anterior oblique views. An ovoid 
area of calcification lies in the wall of the left 
ventricle and extends almost into the apex. It 
measures roughly 7X6X5 cm. Its border is 
ring-like and its center has a basket-weave ap- 
pearance. Just above its superior border is a 
ring-like homogeneous area of calcification 
which is interpreted as being in the region of 
the mitral valve. No calcification is thought to 
be present in the pericardium. 

Impression: (1) myocardial calcification, left 
ventricle; (2) endocardial calcification, left ven- 
trical. 

The electrocardiographic findings were inter- 
preted as chronic myocarditis. The patient was 
to be examined by cardiovascular section but 
desired to be discharged. Diagnosis on dis 
charge, September 25, 1929, is as follows: (1) 
observation arthritis, left shoulder, not found; 
(2) pansinusitis, chronic, bilateral, old; (3) 
myocarditis, chronic, severe, manifested by 
electrocardiographic findings; (4) calcification 
of myocardium demonstrated by roentgen ex- 
amination; 
moderate. 

Present I\lness. 


(5) arteriosclerosis, generalized, 


Patient was admitted to 


* Published with the permission of the Surgeon General, United States Army, who assumes no responsibility for any of the opinions 


expressed. 
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n- ic. 1. Posteroanterior view. Note calcification in 
e- wall of left ventricle and a small denser calcifica 


e- tion above in the endocardium. 
ic. 3. Oblique view, showing extension of calcifica- 
tion into apex of heart. 


9. cardiac ward as an emergency case. He was first 
It seen at 6:00 p.M., November 15, 1929. He com- 
d plained of severe pain in precordial region. 
tt | Pulse irregular. Blood pressure 78/55. After the 
it administration of adrenalin and morphine 


Fic. 4. Posterior aspect of heart. Note bulging of 
Fic. 2. Left lateral view. Note location and appear calcified portion of wall with fibrous strands of ad- 


; ance of the two areas of calcification. hesion attached. 
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pulse became stronger. Rate 120. Temperature 
g7.6° F.; respiration SO. 

Progress Notes. g:00 p.M. Patient again prac- 
tically pulseless. Blood pressure could not be 
obtained. Prognosis dubious. Died at 11:25 p.m. 

The autopsy findings, which pertain to heart 
and aorta, are as follows: 


Kic. §. The posterior wall of left ventricle sawed 
open to expose the internal aspect of the calcified 
mass; the calcified posterior leaflet of mitral valve; 
chordae and papillary muscles have been divided. 


Pericardium. There was no excess fluid pres- 
ent. The left external and posterior surface of 
the pericardium was adherent to lower posterior 
surface of heart by several short, dense strands. 
No calcification was present. 

Aorta. Some atheromatous softening was 
present. Calcification was scanty. 

Heart. Weighed 545 grams. The wall of the 
left ventricle bulged outward and contained a 
large deposit of calcium within it. This fol- 
lowed the curve of the ventricle wall and ex- 
tended to about 2 cm. of the anterior boundary 
between the ventricles. It extended from the 
auriculoventricular groove downward to within 
2 cm. of the apex. Roughly this mass measured 
8 cm. horizontally, 7 cm. vertically and in 
thickness was almost 5 cm. There are also cal- 
cium deposits in left ventricular cavity involv- 


John J. 


Moore 


ing the papillary muscle, chordae tendinae and 
leaflet of the mitral valve. The right coronary 
artery shows much sclerosis of its walls and 
several points of extreme narrowing of the 
lumen. The left coronary artery, in its anterior 
descending branch, also shows much sclerosis 
and some points of extreme narrowing. The 
other branch of left coronary could not be fol 
lowed. The myocardium, except in its calcified 
areas, appeared unusually normal. 

Anatomical Diagnosis. Severe sclerosis of 
coronary arteries with occlusion of one branch 
of left; myocardial calcification, extensive and 
advanced, left ventricle wall; fixation of mitral 
valve by thickened chordae tendinae; sclerosis 
of mitral valve; moderate sclerosis of aortic 
valve; few adhesions to parietal pericardium 
posteriorly; calcium deposits in choroid plex 
uses; slight pleural effusion; few adhesions at 
each apex; fibrosis of spleen; fibrosis of pancreas 
moderate passive congestion and slight cirrho- 
sis of liver; chronic interstitial nephritis; 
moderately advanced; arteriosclerotic aortitis, 
moderately advanced. 

Cause of Death. Coronary sclerosis with oc 
clusion of one branch of left. Contributory 
calcification of myocardium, wall of left ven- 
tricle. 


DISCUSSION 


It is generally accepted that the deposi 
tion of calcium salts within the heart takes 
place only in dead or markedly deterio 
rated, never in healthy tissues. Attention 
is invited to the autopsy findings in our 
case of obliteration of the left coronary 
artery, which was also present in the cases 
reported by Burns,” Askanazy,! and Scholz. 

In passing it is interesting to note that 
here, as in the cases of Simmons’ and 
Scholz, the patient was able to carry on a 
moderately bearable life, notwithstanding 
the fact that a large portion of the left 
ventricle had been rendered practically 
useless. 

The differential roentgen diagnosis of 
myocardial calcification and_ pericardial 
calcification should not prove difficult in 
the larger deposits because in the former 
the calcification appears as rounded, irreg 
ularly diffused shadows which can be dem- 
onstrated to be within the heart itself 
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d by the taking of roentgenograms at differ- angle with the diaphragm at its posterior 
y ent angles, whereas in the latter the band- attachment. Finally, the importance of the 
q like shadows are seen just outside the heart use of the grid for both roentgenoscopy 
a shadow, and it will also be noted that the and roentgenography is emphasized to 
: calcified pericardium forms almost a right _ bring out tissue differentiation. 
e 
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A CASE OF SPONTANEOUS PNEUMOTHORAX IN AN 
INFANT, WITH COMPLETE RECOVERY 


By GEORGE 8S. REITTER, M.D. 
Radiologist, Orange Memorial Hospital 
ORANGE, NEW JERSEY 


J. M., white, male, aged eighteen months, 
only child, was admitted to the hospital on 
Dr. von Hofe’s service January 24, 1933. 

Family History. Negative. 

Past History. The patient had pertussis at 
the age of six months and possibly bronchitis 
at fourteen months. General health good. 


nosis of a foreign body in the lungs or an en 
larged thymus. 

Clinical Course. Soon after admission he was 
sent to the Roentgen Department for examina 
tion. A diagnosis of spontaneous pneumothorax 
was made. 

Figures 1 and 2 show emphysema of the soft 


Fics. 1 and 2. Show emphysema of the soft tissues of the neck on both sides extending from the right apex 
of the lung. A pneumothorax is present on the right side extending along the outer border of the first two 
interspaces of the upper lobe and the entire outer border of the lower lobe. The heart is displaced slightly 


to the left. 


Present Illness. For several days prior to his 
admission the patient had a cough and on 
Sunday, January 22, 1933, he became worse 
fretful and short of breath. He vomited twice 
on January 23. 

He was brought to the accident room on 
January 24 at 4:10 A.M. Examination revealed 
rapid, labored respirations with an expiratory 
grunt, flaring of the alae nasi, contraction of the 
accessory muscles on respiration, and retraction 
of the suprasternal notch and intercostal spaces. 
The child was admitted with a provisional diag- 


tissues of the neck on both sides extending 
from the right apex of the lung. A pneumo 
thorax is present on the right side extending 
along the outer border of the first two inter 
spaces of the upper lobe and the entire outer 
border of the lower lobe. The heart is displaced 
slightly to the left. 

On January 25 a temperature of 104°. was 
reached with respirations 60. January 30——No 
air in the right upper lobe. Little change clin- 
ically. Laboratory reports of blood, urine, etc., 
showed nothing unusual. Mantoux test, negative. 
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Fics. 3 and 4. The emphysema in the left side of the neck is still present. The pneumothcrax on the right 
side has extended from the diaphragm to the apex with a complete atelectasis of the upper lobe. The 
heart is no longer displaced to the left. 


Fics. 5 and 6. There is a clearing of the emphysema of the soft tissues outside of the chest. A slight pneumo- 
thorax is still present on the right side along the outer lower and possibly middle lobes. The remainder of 
the lungs is clear. 
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Fic. 7. The pneumothorax has entirely disappeared. 
(Roentgenogram taken six weeks after the orig- 
inal.) 


The patient was transferred to the New 
York Medical Center on February 1 for observa- 
tion. He showed general improvement and was 
readmitted to the Orange Memorial Hospital 
on February 15. Signs of a bronchitis developed 


with a spiking temperature reaching 1os°F. 
on February 18. This gradually subsided. The 
child continued to improve and was discharged 
on March 11. He has been followed in the clinic 
and was last seen on July 25. Respirations were 
normal and general condition was good. 

Several subsequent roentgen examinations 
were made which show interesting changes in 
the lungs. 

Figures 3 and 4 were taken on January 3 
and show the emphysema in the left side of the 
neck still present. The pneumothorax on the 
right side has extended from the diaphragm to 
the apex with a complete atelectasis of the 
upper lobe. The heart is no longer displaced to 
the left. 

Figures § and 6 were made on February 16 
and show a clearing of the emphysema of the 
soft tissues outside of the chest. A_ slight 
pneumothorax is still present on the right side 
along the outer lower and possibly middle lobes. 
The remainder of the lungs is clear. 

Kigure 7 was taken on March 1, six weeks 
after the original, and shows that the pneumo 
thorax has entirely disappeared. 

I wish to thank Dr. Frederick H. von Hofe in 
charge of the Pediatrics Department for permitting 
the publication of this case. 
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TERTIARY SYPHILIS OF THE ESOPHAGUS 
WITH REPORT OF A CASE RECOGNIZED ROENTGENOLOGICALLY 
By LESLIE F. WILCOX, M.D. 


Assistant Roentgenologist, Harper Hospital 
DETROIT, MICHIGAN 


ERTIARY syphilitic lesions of the 

esophagus are rare manifestations of 
the disease. Guisez,? in 1924, stated; “‘La 
syphilis n’aime pas l’oesophage.”’ Guyot,’ 
in 1931, in an excellent monograph on 
syphilis of the esophagus, reviewed the 
cases in the literature. He collected 
cases and added 2 personal cases, making 
a total of 57. The diagnosis of the two 
cases which he reported was confirmed at 
autopsy and a careful microscopic study 
of the lesion was made in each case. His 
work added much to the knowledge of the 
histopathological changes in the tissues of 
the esophageal wall in tertiary syphilitic 
esophagitis. 

Guyot® stated that one may consider as 
authentic those cases which were verified 
at autopsy, of which there was a total of 
11 and probably also those which, recog- 
nized by the esophagoscope, have been 
cured by specific treatment, of which there 
was a total of 15 cases. He thus would im- 
ply that many cases reported as this con- 
dition may not have been accurately diag- 
nosed. 

Many of the authors who have reported 
cases of syphilitic esophagitis have given 
a summary of the earlier cases and these 
need not be repeated here. 

Tertiary syphilis of the esophagus occurs 
in both males and females. It has been 
stated that males are more often affected 
by the lesion in this organ of the body but 
it would seem from a review of the cases 
that it occurs equally as often in the fe- 
male. The lesion occurs in adult life, dur- 
ing the age period in which syphilis is most 
commonly acquired. 

The pathology of the lesion of the 
esophagus is similar to the disease else- 
where in the body. The pathological status 
in a certain case will depend upon the time, 
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in its clinical course, at which that case 
may be observed. 

The syphilitic process reaches the esoph- 
agus by one of two ways: (1) A gumma 
develops primarily in the wall of the 
esophagus, usually in the submucosa. (2) 
There is direct extension of the syphilitic 
process from a neighboring organ or tissue 
such as the aorta, a mediastinal gland, the 
lung parenchyma or the sternum. This is 
the more common of the two invasions. 

Having thus reached the esophagus the 
process may then terminate in the esophag- 
eal wall in one of three ways, which are: 
(1) Involution by fatty degeneration and 
complete healing without ulceration or any 
appreciable fibrosis and contraction. (2) 
Necrosis of the tissues and extension to the 
mucosa with ulceration. If healing takes 
place without extensive involvement there 
will result fibrous tissue which contracts 
and produces a rather localized stenosis of 
the esophageal lumen. (3) The process may 
be more chronic in its progress and invade 
the tissues of the wall of the esophagus in 
a diffuse manner, encircling the lumen in 
the greater part of its length. There may 
be sclerosis and superficial ulceration. Heal- 
ing of this diffuse process results in a very 
marked narrowing of the esophagus with 
inability to swallow almost all solid food. 

In chronic diffuse esophagitis the in- 
Hammatory process is found to have in- 
vaded all the four coats of the wall of the 
esophagus. The parenchyma of the various 
coats is destroyed and fibrous tissue, great- 
ly infiltrated with lymphocytes and plasmo- 
cytes, takes the place of the muscle fibers 
and the epithelial cells of the glands. The 
lymphocytes accompany chiefly the small- 
er blood vessels and in these vessels there 
is a proliferation of the intima. 

The symptomatology also depends upon 
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the stage at which the lesion is encountered. 
Early, there is slight difficulty in swallow- 
ing solid food. As the stenosis of the lumen 
of the esophagus increases, the dysphagia 
increases, and it may become difficult to 
swallow fluids. The onset of the dysphagia 
is gradual and there is usually a history of 
its having been present at least several 
months. There may be a sensation of retro- 
sternal heaviness or pressure following 
meals but there is rarely pain, though this 
may be present in the late stages during 
the act of swallowing. Loss of weight soon 
accompanies the dysphagia and in the later 
stages there is definite anemia and ca- 
chexia. Regurgitation of food may occur 
relatively late when there is almost com- 
plete stenosis. 

In arriving at a diagnosis of tertiary 
syphilis of the esophagus the history is of 
great benefit. The other diseases which 
produce similar symptoms must be ex- 
cluded. The presence of suspicious lesions 
in adjacent organs or in the distant parts 
of the body that suggest lues may give one 
a clue. Careful serological tests should be 
made, and a positive Wassermann reaction, 
while not conclusive proof of the lesion in 
the esophagus being luetic, is at least pre- 
sumptive evidence. The roentgenoscopic 
examination with a thick opaque meal, 
with a succeeding roentgenographic study 
is of great importance. The luetic condition 
may be recognized and the other lesions 
excluded and the extent of the esophageal 
involvement determined as a guide to treat- 
ment. 

There is no characteristic roentgen ap- 
pearance of diffuse syphilitic esophagitis 
with stenosis but there are several features 
which are more or less peculiar to this con- 
dition alone. Observed roentgenoscopically, 
the walls of the esophagus will be quite 
rigid, there being very little change in the 
general contour or caliber of the barium 
column as the opaque bolus passes through 
the area of narrowing and the barium will 
have a finely irregular outline. In carcin- 
oma, if it is extensive enough to produce 
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rigidity of the walls for a considerable dis- 
tance, there will almost always be a pro- 
nounced and coarse irregularity with also 
more irregular canalization. In a spasm of 
a segment of the esophagus, the contour 
will usually be smooth. An extensive stric- 
ture produced by caustics with irregular 
ulceration and contraction may be the 
most difficult of the various lesions to 
differentiate from the diffuse syphilitic 
stenosis, though here the history should be 
of importance. 

When a gumma is present in the esophag- 
eal wall it may be impossible to make a 
diagnosis roentgenologically or with the 
esophagoscope. Esophagoscopy should al- 
ways be carried out and particularly in 
those cases in which a diagnosis cannot be 
made by the other methods, and a biopsy 
performed where there is ulceration or 
tumor formation. In a suspected case of 
syphilitic esophagitis, the therapeutic test 
of improvement under thorough specific 
treatment will usually confirm the diag- 
nosis. 

The prognosis depends on the general 
condition of the patient, on the presence 
or absence of luetic lesions in adjacent or 
gans, on the extent and degree of stenosis 


of the esophagus and on the possibility of 


dilatation of the esophageal canal. 

Treatment is directed along two lines: 
(1) Antisyphilitic treatment and a building 
up of the patient’s general condition. (2) 
Esophageal treatment to relieve the sten- 
osis which accompanies the fibrosis and 
contraction in the healing of gumma or the 
diffuse ulceration in syphilitic esophagitis. 
This is accomplished by frequent and per- 
sistent instrumental dilatations with metal 
dilators. Abel! states that the first dilata- 
tion should be done under direct vision and 
subsequently if there are no contraindica- 
tions it may be performed blindly. The 
progress of the dilatation should be fol- 
lowed by several roentgenoscopic examina- 
tions. It may be necessary to continue 
treatment over a period of one or two 
years. 
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CASE REPORT 


F. B., female, white, American, aged twenty- 
five, married, entered the Out-Patient Depart- 
ment of Harper Hospital, November 5, 1931, 
with the complaint of difficulty in swallowing 
which had been progressive for the preceding 
six weeks. She was then having difficulty in 
swallowing both solid and liquid foods with oc- 
casional vomiting immediately after taking 
small quantities. She also complained of a 
swelling over the upper sternal region which 
had been present for ten months. She weighed 
120 pounds and had lost 5 pounds during the 
six weeks prior to her visit to the Hospital. 

She was referred to the roentgenological de 
partment for examination of the chest and the 
esophagus with a provisional diagnosis of one 
of several lesions: esophageal diverticulum, 
substernal thyroid, aortic aneurysm or medi 
astinal tumor. 

We observed the rather marked prominence 
of the manubrium and that it was only slightly 
tender and did not pulsate. The roentgenoscop 
ic examination of the chest was essentially nega- 
tive. On examining the esophagus roentgeno 
scopically with a thick acacia-barium mixture 
there was noted definite narrowing of the lower 
esophagus from a point slightly below the level 
of the tracheal bifurcation to its cardiac end. 
The outline of this portion of the esophagus was 
finely irregular and the walls were rigid, there 
being no peristalsis in this portion. The esoph 
agus above this level was only slightly increased 
in caliber. Roentgenographic study of the 
esophagus filled with the opaque mixture re 
vealed irregular contour of the barium column 
from the clavicular level to the cardiac end. 
There was very definite narrowing from a point 
slightly below the tracheal bifurcation to its 
lower end and slight dilatation of the upper 
esophagus (Fig. 1). Roentgenographic study of 
the manubrium sterni revealed increased thick 
ness of this structure with irregular density of 
the bone and limited periosteal proliferation, 
with a similar change in the sternal ends of 
both clavicles. The body of the sternum was 
not involved. We concluded that the changes 
in the manubrium sterni were produced by the 
same process which had involved the esophagus 

and that it was a luetic infection. A Wasser 
mann test was requested. 

The patient had been married ten years, the 
husband was living and well and there was one 
child living and well. There had been one mis- 
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carriage. She denied any venereal disease but 
later admitted extramarital relations over the 
last ten years. 

The laboratory findings were as follows: 
urinalysis, negative; blood Wassermann four 
plus and blood Kahn one plus. 

The diagnosis made was tertiary syphilis of 
the esophagus, the manubrium sterni and the 
sternal ends of the clavicles. The patient was 
referred to the dermatological section for anti- 
luetic treatment and esophagoscopy with di- 
latation of the esophagus was advised. 


1. Roentgenogram showing tertiary syphilitic 
involvement of the esophagus from the clavicular 
level to the cardiac end with stenosis of the lower 
two-fifths. The opaque column in the involved 
portion is finely irregular in contour. 


Follow-up Record. Intensive antisyphilitic 
treatment was given beginning November 17, 
1931, and this has been continued up to Janu- 
ary, 1933, using mercury succinimide, potas- 
sium iodide, neosalvarsan and bismuth. 

April 2, 1932, re-examination of the esoph- 
agus roentgenologically revealed increased cali- 
ber of the lower esophagus without dilatation 
of the upper esophagus and the opaque meal 
passed more readily through to the cardiac end 
(Fig. 2). The patient felt very much improved, 
was able to swallow solid food easily and had 
gained several pounds in weight. The blood 
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lic, 2. Nineteen weeks after antisyphilitic treatment 
was started. There is increased caliber of the lower 
two-fifths of the esophagus. 


Wassermann was still four plus. Esophageal 
dilatation was again advised. 

April 14, 1932, she was first seen in the nose 
and throat division of the Out-Patient Depart- 
ment and because she stated she could swallow 
solid food, esophagoscopy was advised against. 
May 2, 1932, esophageal dilatation was again 
advised against. 

August 30, 1932, 
still four plus. 

January 5, 1933, blood Wassermann was four 
plus but patient stated she was almost free from 
discomfort in swallowing and had gained an- 
other few pounds in weight. The manubrium 
sterni was much less prominent and there was 
only slight tenderness over its lower portion. 
Roentgen study of the esophagus with the 
opaque meal revealed more nearly normal peris- 
taltic action, only limited narrowing of the 
lower esophagus and no delay in the passage 
of the bolus (Fig. 3). 


blood Wassermann was 


Comment. This is a case of tertiary syphi- 
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lis of the esophagus in which we believe the 
lesion was primarily in the manubrium 
sterni and which reached the esophagus by 
direct extension through the mediastinal 
tissues. It was recognized roentgenological 
ly and the diagnosis confirmed by the sero 


logical studies and the therapeutic test of 


improvement under thorough specific treat 
ment. Instrumental dilatation of the con 
tracted lumen of the esophagus was not 
carried out due to the belief by several 
consultants that it was unnecessary. The 
patient was seen earlier after the onset o 
the dysphagia than most cases and no in 
strumental dilatation of the esophagus has 
been done, yet there has been much im- 
provement under antisyphilitic treatment. 
However, dilatation may yet be necessary. 


Fic. 3. 


Fifty-nine weeks after antisyphilitic treat 


ment. Increased caliber in the lower esophagus and 
the contour is becoming quite smooth throughout. 


Roentgenoscopically the lower esophagus was wel 
filled and of almost normal caliber. 
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SUMMARY 

1. Tertiary syphilis of the esophagus is 
relatively rare. 

2. It usually terminates by a stenosis of 
the lumen of the esophagus and as much 
as one-half or more of its length may be 
involved. 

3. The chief symptom is dysphagia 
which accompanies the slowly developing 
stenosis. 

4. Roentgenological study is of the 
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greatest importance in the diagnosis, and 
serological tests and esophagoscopy should 
always be part of the examination. 

5. Intensive antiluetic treatment must 


be carried out. 

6. Owing to the marked fibrosis in the 
healing of the lesion, the stenosis is more 
or less permanent and instrumentation may 
have to be resorted to, over a long period 
of time, to dilate the involved portion of 
the esophagus. 
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PYELO-URETERITIS CYSTICA* 


WITH RFPORT OF 


By WALTER D. 


BIEBERBACH, M.D. 


A CASE 


, Urologist, PHILIP H. COOK, M.D., Radiologist, 
and RAYMOND H. GOODALE, M.D. 


Pathologist 


Worcester City Hospital 
WORCESTER, MASSACHUSETTS 


RETERITIS cystica is a well-recog- 

nized disease when seen at operation 
or autopsy, but a preoperative diagnosis is 
seldom correctly made. This may be ac- 
counted for by the fact that diagnosis has 
to be made from the patient’s history and 
symptoms, combined with laboratory find- 
ings. These findings lead more often to a 


diagnosis of ureteral calculi, or disease of 


the kidney. The disease has been known for 
a long time and was first described by 
Morgagni, and illustrated in an Atlas by 
Rayer which was published in Paris in 1837. 
A disease known for so long a time and so 
seldom reported makes us suspicious that 
many such cases pass unrecognized through 
the hands of physicians and clinics. In the 
past such facilities as the roentgen ray and 
cystoscopy were not available. With our 
present equipment a diagnosis should be 
more readily made, providing the physician 
has had the opportunity of studying a case 
with correlation of these methods with the 
clinical findings. 

To illustrate these remarks we shall 
analyze a case which was observed and 
operated upon on the urological service of 
the Worcester City Hospital. In the report 
and discussion of this case we would like 
to bring out the importance of intravenous 
and retrograde pyelography since, even 
with the advantages of cystoscopy and the 
roentgen ray, the average physician can 
fail in his preoperative diagnosis. This may 
be explained by the fact that many phy- 
sicians pass through a lifetime of practice 
without seeing a case of this type and very 
few such cases are found in hospital rec- 
ords. When a case has been studied and 
observed, especially as to cystoscopic and 
roentgenologic findings, the appearance is 


very characteristic. It is fortunate that in 
reporting this particular case we have a 
complete check on the roentgen findings 
with both the intravenous and retrograde 
methods. This, we believe, is the only case 
reported with the combined findings, and 
in reviewing our hospital records it is the 
only case that has been recognized in this 
institution. This case had already passed 
through our hospital unrecognized, a diag- 
nosis having been made of kink of the 
upper ureter and question of ureteral cal- 
culi. Such a diagnosis is reasonable when 
we realize that very few physicians have 
had the opportunity of seeing or studying 
ureteritis cystica and still fewer have ever 
seen intravenous or retrograde pyelograms 
of a disease of this type. It is our hope in 
reporting this case with the aid of our 
illustrations that more conditions of this 
kind will be recognized before operation. 


REPORT OF CASE 


The patient was a female, married, aged 
forty-two, born in Poland and a housewife by 
occupation. She had two admissions to the 
hospital, the first in November, 1931, at which 
time she came for pain in the left flank. The 
pain was noticed first three years before and 
was felt in the left kidney region. Three days 
after the onset of pain there was an attack of 
hematuria. The severe pain subsided on the 
appearance of blood in the urine and became 
duller in character accompanied by headache. 
She had no other symptoms. Gradually the 
pain and bleeding subsided and the patient 
would be free from symptoms for about two 
or three months. Lately they have recurred 
more frequently and the severity of the attacks 
and hemorrhage has increased. At the last 
attack, just before admission, the bleeding was 
not so severe as in former attacks, but the pain 


* From the Departments of Urology, Roentgenology and Pathology, Worcester City Hospital. 
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was somewhat more severe. She had been seen 
by many physicians without results. Her his- 
tory showed ordinary diseases of childhood 
with no complications and apparently good 


recoveries. She had no other illness except 
occasional temporal headaches. Family history 
negative for cancer and tuberculosis. Her gen- 
eral physical examination was negative except 
for a slight tenderness on deep palpation at the 
left costovertebral angle; no mass could be 
felt. The impression on admission was renal 
calculus. She was cystoscoped and examined 
roentgenologically, and the following report 
was made by the roentgenologist: ‘Kidneys 
outlined, normal in size and position. Catheters 
reach level of third transverse process. No 
calculi were seen. Bilateral ureteropyelograms 
show very small calyces on the right with no 
filling defects. The ureter is dilated to a maxi- 
mum width of 1 cm. above the sacroiliac level. 
The lower portion is not well shown. On the 
left side pelvis and calyces within normal limits. 
The ureter shows an apparent right-angled 
kink with a hiatus amounting to nearly 1 cm. 
just above the third transverse process. There 
is very little dilatation. The ureter below the 
sacroiliac level is not well shown. This exami- 
nation suggests partial obstruction of the 
ureters on both sides, on the right near the 
sacroiliac level and on the left in the region of 
the kink. The cause is not apparent and non- 
opaque calculus must be considered.” The 
general cystoscopic findings in the bladder were 
relatively negative except for some congestion 
of the bladder mucosa. No apparent obstruc- 
tion was felt to No. 7 roentgen catheters as 
they were passed to the pelvis of both kidneys. 
Bladder specimen of urine showed a slight 
trace of albumin, no sugar, rare red blood cells, 
frequent white blood cells, squamous epithelial 
cells and bacteria. Culture—non-pathogenic 
Gram-negative bacilli. Right kidney sediment 
rare red blood cells, occasional white bloc rd cells. 
Culture—non-pathogenic, Gram-negative bac 
cilli. A dye had been injected intravenously 
and appeared on both sides in twenty minutes. 
Blood chemistry: sugar 120 mg. per 100 c.c., 
non-protein nitrogen 30.0 mg. per 100 c.c. 
The patient remained in the hospital three 
days and was discharged with the following 
notes: “Partial obstruction of left ureter due 
to kink, question of calculus.”” Her symptoms 
had improved following admission. It was 
dificult to obtain the full symptomatology 
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since the patient could not speak English and 
an interpreter had to be used in questioning her. 
She was advised to return for further check-up 
if the symptoms returned. Figure 1 shows the 
findings at the first examination. 

On January 31, 1933, she was readmitted to 
the urological service for further study and 
was examined by one of us (W. D. B.). Her 
symptoms were essentially the same as on her 
first admission but increased in severity, es- 
pecially over the region of the left ureter, last- 
ing from fifteen minutes to an entire day. There 
was now a constant dull ache in the left flank. 


4 


KiG. 1. Roentgenogram taken in 1931. Note ureteral 
kink with hiatus, and single vacuole, the signifi- 
cance of which was not realized. (In this and suc- 
ceeding films the vacuoles have been slightly re- 
touched for better reproduction.) 


She had no burning or frequency on urination, 
but did notice that her urine was more bloody 
in appearance. She stated that following her 
last cystoscopy she was free from symptoms 
for two months. Her physical examination was 
essentially the same as on her former admission, 
with the chief outstanding symptoms, blood 
in the urine and tenderness over the left costo- 
vertebral angle. At no time while in the hospital 
was there a marked hematuria, but at times a 
catheter specimen would show many red blood 
cells in the sediment. Repeated routine urinal- 
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Kic. 2. Retrograde pyelogram made in 1933. Note 
increased ureteral dilatation and multiple vacuoles 
in left ureter. 


yses were acid in reaction, witha specific gravity 
ranging from 1.010 to 1.015, an occasional trace 
of albumin but no sugar. Sediment showed oc- 
casionally a few white blood cells and many red 
blood cells. On one occasion report was made 
of the finding of many clumped white blood 
cells. 

On the day of her admission her blood report 
was as follows: red blood cells, 4,600,000; white 
blood cells, 6,150; hemoglobin, go per cent. 
Smear—red blood cells show moderate vari- 
ation in size and shape, no young forms, no 
achromia. Platelets reduced in number. Differ- 
ential count; polymorphonuclears 55 per cent, 
lymphocytes 36 per cent, mononuclears 8 per 
cent, basophiles 2 per cent. Wassermann nega- 
tive. Blood chemistry: alkali reserve 56.0 vol- 
umes per cent, sugar 100 mg. per I00 c.c., 
non-protein nitrogen 35.5 mg., creatinine 1.5 
mg. per 100 c.c. Blood pressure was within 
normal limits. Temperature was normal except 
on third day when it reached 1oo°F. in the 
evening; it returned to normal in the morning 
and remained so. The costovertebral pain re- 
mained constant with increased ureteral colic 
on the left side and on February 5, 1933, she 
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was cystoscoped with the following findings: 
No residual urine. Bladder capacity 300 c.c. 
Appearance—diffuse chronically inflamed blad 
der. Roentgen catheter No. 7 passed to the 
pelvis of each kidney and clear urine was col 
lected from both sides with the following find 
ings: Right kidney sediment showed occasional 
white blood cells and eipthelial cells. Culture 

no growth. Left kidney sediment showed few 
white blood cells and epithelial cells. Culture 

no growth. Bladder—negative for albumin and 
sugar; sediment showed few epithelial cells. 
Culture—no growth. Intravenous indigo-car 


mine appeared in good color from each side 
in four minutes. Plain roentgenograms and 
pyelograms both in the Trendelenburg and 


Fowler positions, 12.5 per cent sodium iodide 
being used for injection. The left side held 15 
c.c. of fluid, the right g c.c. 

The roentgen report was made as follows by 
the Department of Roentgenology: “Exam 
nation practically identical with that made in 
November, 1931, both ureters being dilated 
above the sacroiliac level. The left ureter shows 
numerous small vacuoles a few millimeters in 
diameter which may represent air bubbles. 
No calculi are shown in the tract.”’ Figure 2 


shows bilateral ureteropyelograms which are 


Fic. 3. 


Intravenous pyelogram. Confirms previous 
observation by showing two vacuoles in left ureter. 
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similar to those taken on the first admission 
and the peculiar shadows can be seen in the 
left upper ureter and pelvis with the same kink 
that was seen before. Following this exami- 
nation the ureteral colic symptoms disappeared 
but the constant dull ache remained in the left 
costovertebral angle and on February 13, nine 
days after the cystoscopy, intravenous pyelog- 
raphy was done and reported as follows: 
“Intravenous pyelograms show two vacuoles 
at level of the third transverse process. This 
indicates a pathological condition in the ureter. 
Diagnosis: Papilloma or similar growth.” Fig- 
ure 3 shows findings by intravenous uretero- 
pyelography and we would like to call atten- 
tion to the close resemblance to the retrograde 
method, thus showing the advisability of 
checking on questionable cases. 


~, 
‘ 


Fic. 4. Drawing showing cysts of kidney, 
pelvis and ureter. 
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Kic. 5. Cross section of ureter. A, lumen of ureter; 
B, cyst projecting intolumen. ¢g 


On February 14 it was decided that explor- 
atory operation was indicated under ether 
anesthesia. The left kidney and upper ureter 
were explored by oblique costovertebral in- 
cision. As parts were delivered a distinct fixed 
kink was found 4 cm. below the ureteropelvic 
junction. The kidney was normal in size and 
soft. On palpation with the fingers just below 
the kink in the ureter, beady masses could be 
felt which extended down below the brim of 
the pelvis. By means of a small incision the 
ureter was opened for inspection and multiple 
growths of papillary appearance were observed 
and ureteronephrectomy was decided upon. The 
kidney was freed, the ureter clamped, tied and 
severed, renal pedicle clamped and tied and 
kidney removed. The oblique incision was 
closed in layers with drainage at the upper 
angle, the tied suture on the distal end of the 
ureter protruding at the lower end of the in- 
cision for traction. The patient was turned over 
on the back and a low rectus incision made, the 
peritoneum exposed and rolled inward, expos- 
ing the lower ureter which was freed and readily 
recognized by traction on the upper suture. 
This was ligated at the ureterovesical junction, 
thus removing the entire structure. The wound 
was closed with drainage in the lower angle. 
The removed specimen showed multiple small 
bluish cysts which studded the ureter and renal 
pelvis. The patient made an uneventful recov- 
ery, was out of bed on the fourteenth day and 
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left the hospital on the twentieth day, free 
from all symptoms. The blood chemistry on 
discharge was as follows: Sugar 120 mg. per 
100 ¢.c., non-protein nitrogen 30.0 mg. per 100 
c.c. Urinalysis was negative. 

Pathological Report. Gross description: (1) 
A kidney measuring 9 X6X 4.5 cm. with a piece 
of ureter 5 cm. in length attached. The pelvis 
is not dilated. (2) A separate piece of ureter 12 
cm. in length and averaging 0.8 cm. in diame- 
ter. The pelvis of the kidney and the opened 
ureter are covered with translucent elevations 
2-3 mm. in diameter. These elevations are cys- 
tic and contain clear colorless fluid. They cover 
the entire mucosa of the pelvis of the kidney 
and the ureter (Fig. 4). Microscopic descrip- 
tion: Ureter—a cross section of the ureter 
shows numerous folds of the mucosa with a 
round cell reaction immediately beneath it. 
The above-mentioned translucent elevations 
consist of cysts lined with a layer of cuboidal 
epithelium (Fig. 5). In the musculature are 
numerous foci of polymorphonuclear cells. 
Similar cysts are present in the pelvis of the 
kidney. Diagnosis: Pyelo-ureteritis cystica. 


Since Morgagni’ first described ureteritis 
cystica in 1761 there have been several 
cases reported but most of them were found 
at autopsy. 

The only other report of roentgen diag- 
nosis of this condition which we have found 
is the case of Joelson.* The patient was a 
female, aged forty-four, who complained 
of severe pain in the right lumbar region 
one week before admission. This was as- 
sociated with gross hematuria. The cysto- 
scopy revealed a cystitis cystica, and the 
ureterograms showed ureteritis cystica by 
retrograde pyelography. Calculi were found 
in both kidneys. No operation was re- 
ported. 

The remaining cases were found at 
autopsy. Cleland’s? report was that of a 
male, aged sixty-five, with bilateral ureter- 
itis cystica. The pelvis of one kidney only 
contained the cysts. A case reported by 
Carson! was a female, aged fifty-eight, in 
whom the bladder wall, both ureters, left 
kidney pelvis, and the lower pelvis of the 
right kidney were covered with cysts vary- 
ing in size from 1 to 3 mm. The right kidney 
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pelvis was double, and the upper pelvis 
was not involved. Urquhart’ reported 6 
autopsied cases of coincidental ureteritis 
cystica and bilharziasis. He believes that 
the cystic condition was not caused by the 
presence of the bilharzia infection. Ages 
and sexes were not given. 

Morse’ studied 125 consecutive autopsies 
and found 3 instances of ureteritis cystica. 
None of these had urinary symptoms before 
death. 

Etiology. Virchow® in a case report sug 
gested that the cysts might be caused by 
the blocking of crypts in the mucosa of the 
ureter. Von Brunn’s® theory, however, is 
most generally accepted. He believes that 
infammation of the urinary tract causes 
a downward proliferation of the epithelium 
resulting in small groups of cells under the 
mucous membrane. Degeneration of the 
central cells of these buds results in the 
formation of cysts. 

Giani® has been able to produce cystitis 
cystica in rabbits by the irritation of a 
foreign body in the bladder and by curet- 
ting the vesical mucosa through a supra 
pubic cystostomy. 


DISCUSSION 


Roentgen Diagnosis. The first exami 
nation, in 1931, showed a vaguely outlined 
filling defect a few millimeters in diameter 
in the contrast medium of the left ureter 
near the lower level of the third vertebra. 
With the possibility of non-opaque calculus 
as the cause of the symptoms, the roent 
genologist allowed this to fit into the pic 
ture and considered no other conditions. 
In 1933, however, the vacuoles were num- 
erous and well defined. Their multiplicity, 
their regular outline, and the fact that none 
of them appeared sufficiently large to 
cause the evident ureteral dilatation, 
argued against calculi. Air bubbles were 
next considered, but two of the lesions 
were seen in the same position at an intra- 
venous pyelography several days after the 
first examination, which excluded this con 
dition. Multiplicity and regular outline 
also seemed to exclude blood clots. The 


Vor. XXXI, No. 6 


only possible conclusion was that the vacu- 
oles represented sessile tumors projecting 
into the lumen of the ureter, papillomatous 
or cystic in character. Later investigation 
of the few reported cases of papillomatous 
ureter show the roentgen appearances to 
differ somewhat from this, so that the pic- 
ture here presented may fairly be taken as 
characteristic of ureteritis cystica. 

There was no precedent in the literature 
advising operation in a case such as this. 
The patient’s symptoms persisted un- 
abated after the first cystoscopy. It seemed, 
therefore, that operative treatment was 
the only method of procedure. At the time 
of operation the exact diagnosis was not 
known, but in the presence of multiple 
tumors in the ureter it seemed advisable 
to remove the ureter and kidney. We recog- 
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nize the possibility of the occurrence of the 
same condition on the other side. The pa- 
tient to date, five months after operation, 
is free from symptoms.*+ 


SUMMARY 


A case of unilateral pyelo-ureteritis 
cystica is reported illustrating the roentgen 
diagnosis of this disease by retrograde and 
intravenous pyelography. 

The involved kidney and ureter were 
removed with relief of pain and hematuria. 
This appears to be the first operated case 
of pyelo-ureteritis cystica. 

“ The patient is still, one year after operation, free from 


symptoms. Retrograde pyelography 
the right ureter negative. 


in January, 1934, showed 


t Since this article was submitted for publication in June, 
1933, we have noted the report of a similar case by Kindall.‘4 
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ENCEPHALOGRAPHY UNDER NITROUS OXIDE 
AN ESTHESIA* 


By R.W. WAGGONER, M.D. 


T IS well known that the chief objection 

to encephalogr aphy is the reaction the 
patient experiences during and after the in- 
jection of air. Treatment of the post-en- 
cephalogram headache is of necessity symp- 
tomatic and usually presents no special 
difficulties. But while the procedure is tak- 
ing place, no amount of sedatives short of 
stupefying doses will prevent the patient 
from being acutely uncomfortable. The se- 
vere headache complained of during this 
period often makes the patient resistive 
and not infrequently results in unsatis- 
factory or incomplete drainage. Ether anes- 
thesia has been used for encephalography, 
but the danger of pulmonary complica- 
tions and the unpleasant after-effects con- 
stitute distinct objections to this method. 
Solomon and Epstein' have reported a 
series of cases done under sodium ethyl 
barbiturate narcosis. The objection to this 
technique is that the narcosis is too pro- 
found and the effects too prolonged to ren- 
der the method safe in all cases. This is 
especially true of children. We were led to 
do a series under nitrous oxide anesthesia 
in an attempt to find a middie ground be- 
tween the disadvantages and discomforts 
attendant upon too light sedation and the 
dangers associated with extreme depression 
of consciousness while the air injection is 
being done. 

METHOD 


The procedure used in doing encephalo- 
grams under gas varies only slightly from 
that described by Camp and Waggoner.’ 
While the anesthetic is given, the head of 
the chair is lowered to the prone position. 
A leather head-halter is used to keep the 
mask in place and it is fastened to the ad- 
justable support on the back of the chair. 
When the patient is sufficiently anesthet- 


* From the Department of Neurology, University of Michigan 
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ized he is raised to the sitting position and 
the lumbar puncture needle is inserted in 
the usual way. The water manometer 
should be connected with sufficient length 
of small rubber tubing so it can be elevated 
to give pressure readings up to 1,000 mm., 
inasmuch as the standard two-piece mano- 
meter is only long enough to give a reading 
of 700 mm. above the puncture level. When 
the fluid stops draining freely, the head 
support is removed and the patient’s head 
is rotated from side to side in order to 
complete drainage of the ventricles. The 
anesthetic is discontinued when no more 
fluid can be obtained, and the patient 
usually reacts within five minutes. Enceph- 
alograms are then taken immediately while 
the patient remains in the upright position. 


COMMENTS 


The greatest advantage of using gas is 
of course the fact that the patient is spared 
all subjective symptoms during the time 
the fluid is being removed. This means that 
the distressing headache and the appre 
hension which accompanies it at the be- 
ginning of the procedure are eliminated. 
If for any reason the operation must be in 
terrupted suddenly, the gas can be dis 
continued and the patient reacts in a few 
minutes. This gives nitrous oxide a decided 
advantage over ether or a deep drug nar 
cosis when emergencies arise. Toward the 
end of the procedure under gas the neck 
muscles are always relaxed well enough to 
permit free movement of the head in all 
directions. With no anesthetic this is often 
dificult, especially in uncooperative pa- 
tients or those who develop an involuntary 
stiffness of the neck. When the patient 
comes to, his sensorium is still sufficiently 
depressed to obviate any serious discom- 
fort, although he is quite capable of fairly 
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TABLE SHOWING DETAILS OF 
THIRTEEN REPRESENTATIVE ENCEPHALOGRAMS UNDER NITROUS OXIDE ANESTHESIA 


Time | Initial) Fluid W.B.C’ In- 
roe Drain-, Pres- | Re- Im- W.B.C. | crease 
Clinical Encephalographic 
Case | Sex | Age : aighgere ing sure |moved | medi-| 24 hr. in 
Diagnosis Findings 
: (min- | (mm. | (c.c.) | ately | Later |W.B.C. 
utes) water) Before Count 
W.B. | M 3 | Status epilepticus Moderate internal 45 $go 180 | 76 11,45 3850 
hydrocephalus 
8 | Jacksonian epilepsy} Essentially normal 6 490 65 | $9 7 6 17 
R.V. | F | 14 | Epilepsy Essentially normal 76 75 13 95 12,35 4400 
| 15 | Spastic tetraparesis, Internal hydroceph- 
alus; bilateral corti- c 76 130 | 82 11,4 29 
cal atrophy 
}.R. | M | 17 | Behavior problem | Essentially normal 45 80¢ 105 | 985 11,9 206 
J.S. M 18 | Epilepsy Extensive poren 5 750 210 | 72 10,00 28 
cephaly | 
TP. MM 2 Post-encephalitic Bilateral arachnoidi 6 soc 140 14,05 645 
Parkinsonism tis over cortex 
W.N.| M | 2? Traumatic en- \rachnoiditis, corti- 88c 14 68 8.95 21¢ 
cephalopathy cal atrophy, congen- 
ital cyst 
H.S M | 24 | Old skull fracture, | Normal encephalo- 6 ge 14 925 16.06 8 
epileptic attacks gram 
M 24 Jacksonian attacks | Left cerebral lesion SC 6g0 135 33 
(operation: menin- 
gioma) 
E.N. | M | 3 Recent hemiplegia | No localizing evi- 45 70 I 9 13,2 36 
dence 
E.K. | M | 32 | Jacksonian attacks | Rightcerebrallesion| 4 750 120 | 64 11,9 55 
(operation: astrocy- 
toma) 
\.K M | 56 | Traumatic enceph- | Bilateral cortical 65 85 1$5 | 67 12, $30 
alopathy atrophy 
Average Values 5 7 13 390 


complete cooperation during the film tak- of cases, and no important variations in 
ing. It is our opinion that the use of nitrous the condition of patients under nitrous ox- 
oxide also tends to diminish the severity ide was revealed. In fact, without anes- 
of the post-encephalographic reaction. thesia the pulse frequently becomes weak 

Pulse, blood pressure and respirations and thready after about $0 c.c. of spinal 
were recorded every few minutes ina series fluid has been removed, while under gas 
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the pulse always remains full and firm, 
and the rate seldom exceeds 110-120 per 
minute. Stimulants have not been neces- 
sary in any of the first so cases studied 
under this method. 

As the accompanying table indicates, 
encephalograms under gas have been done 
on patients ranging in age from two to 
fifty-six years. The average time required 
for the drainage of spinal fluid is slightly 
under one hour. The initial pressure read- 
ing when inhalation anesthetic is used 
varies between 450 and goo mm., and re- 
mains moderately high, that is, above 500 
mm., until well over half the total fluid is 
removed. After this it drops rather rapidly 
to zero. This elevated initial pressure has 
not led to any serious complications in our 
experience. As the chart shows, there is a 
fairly consistent rise in the leucocyte count 
within twenty-four hours after the enceph- 
alogram. This increase of from 2,000 to 
6,000 white blood cells per cu. mm. is the 
same whether or not an anesthetic is used. 
Differential counts in a few cases have 
revealed no significant variations in the 
polymorphonuclear-lymphocyte ratio with 
either method. 

No cases with choked discs or suspected 
posterior fossa tumors have been included 
thus far, although two with frontal and 
temporal tumors were clearly localized by 
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this method. These two patients were up 
and free from headache in less than forty- 
eight hours. We were also able to study 
three other patients who have had two 
encephalograms, the first without and the 
second with gas, and each of them stated 
preference for the latter method. 


CONCLUSIONS 
In our experience with nitrous oxide 
anesthesia in encephalography we have 
found that this method decreases the pa- 
tient’s discomfort both during and after 
the procedure, without at the same time 
increasing the danger. After comparing its 
advantages and disadvantages with those 
of ether and non-volatile anesthesia, we 
believe that this is the method of choice in 
all but certain selected cases. The only ob- 
jection to the use of nitrous oxide anes- 
thesia in encephalography is the additional 
expense involved. The increase in initial 
intracranial pressure consequent upon its 
use does not appear to be a contraindica- 
tion. 
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CARCINOMA IN CHRONIC OSTEOMYELITIS 


By J. J. COLLINS, M.D. 


Roentgenologist, The ‘fohn D. 


Archbold Memorial Hospital 


THOMASVILLE, GEORGIA 


CASE of carcinoma, developing in a 

chronic osteomyelitic sinus of long 
standing, recently admitted to the John 
D. Archbold Memorial Hospital, was the 
stimulus for a review of the literature on 
this subject. A striking thing in this con- 
nection was the paucity of American liter- 
ature on this condition and the very few 
recent publications, either in this country 
or abroad, in regard to it. 

The condition is one that has long been 
known to occur. Cases were reported and 
discussed in the literature many years ago. 
Marjolin,* in 1828, described malignant 
changes in old ulcers. Following this, a 
number of cases of carcinoma occurring in 
chronic osteomyelitic sinuses were reported 
so that in 1894 Devars? was able to collect 
a series of 39 such cases from the literature. 
During the past twenty years, however, 
American publications along this line seem 
to be limited to those of Hitzrot,*® Young,’ 
and Benedict.! In the foreign literature, 
Vernengo,® in 1928, and Mathieu and 
Khan,° in 1920, published case reports. 

Devars, in his series, found that the 
tibia was involved in 26 cases, the femur 
in 5, the bones of the foot in 5, the bones 
of the arm in 2 and the knee in one case. 
He also reported that the inguinal glands 
were often involved, a statement that is 
not substantiated by the cases reported 
more recently. 

Vernengo reported a case occurring in 
a young man, aged twenty-two, whose 
history of osteomyelitis of the tibia dated 
back nine years. This is apparently the 
earliest age at which the condition is re- 
ported to have occurred. The treatment 
was amputation. 

Young, in the “Cabot Case Records,” 
discussed a case which was reported in a 
man, aged fifty-eight, who had a history 
of chronic osteomyelitis of the femur with 


a sinus of twenty years’ duration. The pre- 
operative diagnosis was chronic osteomy- 
elitis only. After operation, the microscopic 
examination of the material removed from 
the bone cavity proved it to be epidermoid 
carcinoma. The inguinal glands were 
thought to be involved but proved to be 
inflammatory so that disarticulation at the 
hip was done. 

Benedict, in a survey of 2,400 cases of 
osteomyelitis treated in the wards of the 
Massachusetts General Hospital, found 12 
cases in which epidermoid carcinoma de- 
veloped in chronic osteomyelitic sinuses. 
Males only were affected in this series and 
the areas of occurrence were limited to the 
lower extremities; 3 cases involved the foot, 
one the femur and 8 cases the tibia. There 
was no inguinal gland involvement in any 
of the cases reported and no distant metas- 
tases. 

An analysis of the data given in this re- 
port shows that practically all of the cases 
developing carcinoma had a history of very 
long standing bone disease with sinus 
formation. It is interesting to note, in this 
connection, that the majority of cases oc- 
curred in individuals past fifty years of 
age, the youngest being thirty-four and 
the oldest seventy-five. The duration of 
bone infection was, on the average, slightly 
more than thirty-five years. The shortest 
duration of sinus formation previous to 
malignant development was one year; the 
longest was sixty-five years. 

The clinical findings were those common 
to chronic osteomyelitis with discharging 
sinuses but with the added features of 
extremely foul smelling discharge and, in 
the majority of cases, either a cauliflower 

mass at the ostium of the sinus or an epi- 
thelial hyperplasia suggestive of carcinoma. 
Definite or suggestive local clinical evi- 
dence of malignancy was present in g of 
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the 12 cases in this report. In one case the 
diagnosis was made only after a second 
biopsy and in 2 cases it was made post- 
operatively in clinically unsuspected cases. 

The roentgen appearance was not typical 
or characteristic as in most cases of meta- 
static carcinoma of bone. This is probably 
due to the fact that the condition is super- 
imposed on chronic osteomyelitic changes 
accumulated over a long period of years 
and it is difficult to differentiate an area 
of destruction due to active bone infection 
from one due to malignant involvement in 
these cases. Then, too, because of the origin 
of the carcinoma at the edge or within the 
sinus, there may be no involvement of bone 
in the earlier stages. 

The treatment was primary amputation 
in 7 cases; amputation very soon after 
excision in 2 cases in which the diagnosis 
was made postoperatively; excision only in 
2 cases; excision followed by amputation 
for recurrence four months later in one 
case. No recurrence following these surgical 
measures was reported in any of these cases 
and no distant metastases occurred in the 
cases that were followed up. 

The incidence of carcinoma in a series 
of 2,400 cases of osteomyelitis, as analyzed 
above, is 0.§ per cent. Considering the 
Cohnheim theory, that irritation is a cause 
of cancer, it is rather surprising that the 
incidence of carcinomatous change is so 
low in infections of bone which, as a class, 
are notoriously chronic. The irritation of 
continuous discharge from sinuses, the 
trauma of daily dressings, frequent surgical 
intervention, healing, temporary in char- 
acter, with subsequent breaking down, a 
constant attempt at epithelial repair, would 
all seem to provide an ideal condition for 
the development of cancer from the irrita- 
tion standpoint. 

Definite conclusions as to incidence can- 
not, however, be based on the analysis of 
one large series of osteomyelitic cases. It 
is of course necessary to know what per- 
centage of these are chronic cases as car- 
cinomatous changes are not expected to 
occur in those that recover promptly after 
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the acute stage. It is also necessary to know 
that a thorough search has been made for 
microscopic evidence of malignancy in all 
chronic cases treated. A bacteriological ex- 
amination is much more apt to be made in 
chronic osteomyelitis than a search for 
microscopic evidence of malignancy of the 
tissue in and about a discharging sinus. 
If the diagnosis is not made in the early 
stages, the patient may eventually return 
with a typical cauliflower growth but it is 
possible that a certain percentage of these 
with early changes may be cured by re- 
section or excision under the diagnosis of 
chronic osteomyelitis and for this reason 
are never diagnosed as carcinomatous. 
This is a possibility in this type of cancer 
as the malignancy of it seems to be of low 
grade and metastasis or glandular involve- 
ment very unusual. 

To date, 43 cases of chronic osteomyelitis 
have been admitted to the John D. Arch- 
bold Memorial Hospital. Of this number, 
2 cases have been diagnosed as carcinoma 
developing in a chronic osteomyelitic sinus 
of the tibia. 


Case 1. The patient was a white male, aged 
forty-three, who, at the age of four years, had 
developed an acute osteomyelitis of the tibia. 
Since that time he has had a sinus over the mid 
tibial region anteriorly which intermittently 
healed and broke down. Six years ago, a granu 
lating ulcer appeared about the mouth of the 
sinus and gradually increased in size. Because 
of this ulcer he came to the hospital in August, 
1927, for treatment. 

Examination at that time revealed an ulcera- 
tion of the skin and soft tissues over the entire 
lateral and anterior aspects of the middle third 
of the tibia and fibula. Roentgen examination 
revealed a marked thickening and sclerosis of 
the tibia and fibula with several small areas of 
bone destruction in the middle third of the 
tibia. The diagnosis was chronic osteomyelitis. 
The operative report: Excision of ulcerated 
area of the skin and soft tissues. The anterior 
portion of the cortex of the middle third of the 
tibia was removed and several small abscess 
pockets were curetted. No microscopic exami- 
nation of the tissue removed was made. Three 
weeks later a skin graft was done to cover the 
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large denuded area. The skin graft in the region 
of the old sinus did not take. The patient was 
discharged from the hospital much relieved as 
to pain but still had a discharging sinus. 

The history subsequent to this is interesting. 
The wound healed well except for a small area 
about the sinus opening. Here, according to 
the patient, “proud flesh” soon appeared. He 
did not consult a doctor but burned this down 
with glacial acetic acid. It reappeared and, 
periodically, for the next five years, he burned 
this down with acid. In August, 1931, the 
growth became so rapid that chemical cautery 
was no longer effective and a large cauliflower 
mass developed. In December, 1931, he again 
returned to the hospital. 

At this time there was a very large caulli- 
flower mass on the anterior aspect of the middle 
third of the left tibial region. In the middle of 
the mass was a sinus which discharged extreme- 
ly foul smelling pus. The tumor tissue bled 
profusely with any manipulation. There was 
no apparent involvement of the glands of the 
groin. Films of the chest showed no metastases. 
The roentgen examination of the left tibia and 
fibula showed a marked sclerosis of the tibia 
and fibula with a large area of bone destruction 
and sequestration in the middle third of the 
tibia. Biopsy was done and the microscopic 
pathological report was squamous cell car- 
cinoma. Amputation was advised but refused. 
The patient wished to try roentgen and radium 
therapy. This was applied with no appreciable 
response. Consent to amputation was then ob- 
tained and the leg was removed in the mid- 
femoral region. 

Examination of the amputated leg revealed 
an extension of the carcinoma into the bone 
with a large cavity in the tibia filled with an 
extremely foul smelling cheesy material. 


In reviewing the record of the previous 
admission of this patient to the hospital, 
it is notable that a large ulcerated area 
about a chronic sinus was present. The 
ulcerated area was excised but no micro- 
scopic examination of the tissue was made. 
It is reasonable to suppose, in view of these 
findings and in the light of the subsequent 
course, that carcinoma was present at least 
in the soft tissues at the time of the opera- 
tion in August, 1927. The fact that its 
growth was held in check over a five year 
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period by chemical cauterization, the ap- 
parent absence of glandular involvement or 
distant metastases speaks for a very low 
grade of malignancy.* 

Case 1. M. M. J. (No. 8265), admitted to 
the John D. Archbold Memorial Hospital on 
September 24, 1929. Chief complaint: Ulcer on 
the right leg, anterior aspect, midway between 
the ankle and knee. 

Present trouble began about one year ago 
after a severe contusion over the anterior tibia 
received in an automobile accident. On the 
day following the accident, the patient had a 
severe chill followed by fever, pain in the leg 
below the knee and difficulty in moving the 
leg. A short time later a sinus developed over 
the mid-tibial area anteriorly and has persisted 
since then. Several months ago, ulceration 
about the sinus was noted. This has gradually 
increased in size and for past few weeks has 
bled profusely at times. 

Examination of the right leg: On the anterior 
surface, in the middle third of the tibia, there 
is an ulcer the size of one’s hand. The edges 
are irregular and the ulcer itself is composed 
of granular masses 1 to 2 cm. in diameter. 
There are no enlarged veins in the leg. No en 
larged glands in the inguinal region. 

The Wassermann reaction was negative. A 
biopsy of the ulcerated area proved it to be 
squamous cell carcinoma. 

The roentgen examination showed a perios 
titis of the entire fibula with a rather marked 
sclerosis of the middle thirds of the tibia and 
fibula. There was an area of destruction of the 
sclerotic cortex of the tibia which had the ap- 
pearance of having been “scooped out.’ The 
appearance suggested a malignant destruction 
of that area. 

The treatment was amputation just below 
the knee. Operative recovery was uneventful. 
No follow-up record is available. 


SUMMARY 


Very little literature has appeared in 
recent years in regard to carcinoma de- 
veloping in chronic osteomyelitic sinuses. 
The cases reported have, for the most part, 


* In Case I the tissue removed at operation in August, 1927, 
has recently been examined microscopically and areas of epi 
dermoid carcinoma found in it. Proved malignancy was thus 
present in this case for a period of five years previous to ampu 
tation of the leg. The patient has now been alive and well for 
two years following amputation. 
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THE SOLUTION OF THE ROENTGEN DIAGNOSTIC 
PROBLEM IN CHRONIC APPENDICITIS 


CONCLUSIONS BASED UPON STUDIES COVERING A PERIOD OF 
TWENTY YEARS AND INCLUDING A COMPARATIVE ANALYSIS 
OF ROENTGENOLOGICAL, CLINICAL, SURGICAL AND 
POST-MORTEM FINDINGS 


By THOMAS SCHOLZ, M.D. 


NEW YORK CITY 


Kk STATISTICS are correct in their 

conclusions that the mortality from 
appendicitis is on the increase, while at the 
same time approximately 40 per cent of all 
appendectomies are done unnecessarily, 
there must be something wrong with the 
diagnosis of this disease. 

In considering the diagnostic means in 
appendicitis our attention is automatically 
first attracted by roentgenology. A method 
which can visualize the appendix or at 
least definitely determine its location, 
which, therefore, under the fluoroscopic 
screen can act as a guide for the examiner’s 
palpating hand, and which evidently also 
may be used as a differential diagnostic 
means, ought to be an ideal diagnostic aid. 

Indeed, after the introduction of the 
contrast meal method, attempts at using 
the roentgen ray for the diagnosis of ap- 
pendicitis were made early. Bennett,* Holz- 
knecht,'® and Béclére? were the first to 
discuss this subject. 

Bennett came to the conclusion that, 
though the roentgenograms often show 
nothing, they may occasionally be of in- 
estimable value, especially in differential 
diagnostic respect, “provided a competent 
radiographer is available.” Holzknecht also 
stressed the importance of the roentgen 
rays for the purpose of differential diagnosis. 
Béclére considered the roentgen method 
of special value for the surgeon by show- 
ing him the position of the appendix, and 
for the clinician by determining whether 
or not a tender point corresponds to the 
appendix. 

With the technical improvements 
ginning about 1910 and resulting in a more 
successful visualization of the various parts 


of the alimentary canal and a better roent- 
genological understanding of the digestive 
system, roentgen diagnostic efforts in ap 
pendicitis received a new stimulus. 
Studies were made as to the demonstra 
bility of the appendix and the diagnostic 
value of the direct information thus ob- 
tained regarding this organ. Attention was 
also paid to combinations of such direct 
roentgen evidence with indirect signs ob- 
served either in the appendix itself or in 
adjacent or more remote parts. Thus, up 
to the present time, there have been de- 
clared by various writers the following 
roentgen signs, occurring singly or in va- 
rious combinations, as more or less char- 
acteristic or suggestive of chronic appendi- 
citis: demonstrability and non-demonstra- 
bility of the appendix; abnormalities as to 
its location (abnormally high or low, retro 
cecal, retro-ileal, etc.); abnormalities as 
to its size and shape (abnormally long, 
kinked, coiled up, segmented, etc.); ad 
hesions; spasm; retention; concretions; lo 
cal tenderness; ileocecal stasis; insufficiency 
of the ileocecal valve; cecal stasis; gastric 
retention; spastic phenomena in cecum, 
colon, stomach and duodenun,, etc. 
However, in regard to the significance 
and diagnostic value of these various roent 
gen signs no accord of opinion could yet 
be reached. On the contrary, opinions in 
this respect differ so greatly that in many 
instances they are even diametrically op- 
posite. To illustrate this controversy a few 
examples may briefly be mentioned. 
Rappaport (cited by Gottheiner") con- 
siders every demonstrable appendix as dis 
pleased, while Czepa,” Hiiffer and Kas 
par,!® and Buisson® declare non-demonstra 
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bility of the appendix the most important 
sign of pathology. 

In regard to frequency of visualization, 
Case* demonstrated the appendix in 30 per 
cent of the cases, Hurst?’ in 50 per cent, 
George and Gerber in 70 per cent and 
Moore and Merritt*® in 80 per cent. 

Buisson claims to be able to visualize 
every normal appendix. According to Gott- 
heiner’® the appendix can be shown in the 
vast majority of instances if the observa- 
tions are made often enough, or by repeat- 
ing the examination in a week or two. Ap- 
plication of catharsis, he says, may through 
increased peristalsis cause the filling of 
an otherwise non-demonstrable appendix. 
Cohn! proved that the appendix may fill 
and empty several times in the course of 
an examination. In order to be useful the 
observations must therefore be made fre- 
quently enough. Henszelmann” and Orn- 
doff** recommend special technical arrange- 
ments for the purpose of a clearer visual- 
ization of the appendix and the cecal re- 
gion. 

Singer and Holzknecht,*® on the other 
hand, warn against these efforts to demon- 
strate the organ. They consider them use- 
less, because visualization of the cecum 
alone, they say, is sufficient for diagnostic 
conclusions. Gottheiner, also, believed that 
special technical arrangements are unnec- 
essary and thinks that intensive observa- 
tion coupled with experience is the best 
guide. 

A number of writers, among them es- 
pecially Singer and Holzknecht,** Pfahler,® 
Imboden,* Carman,’ Childs,? White,” 
Koerbler,” Moore and Merritt,”® and Jac- 
quet and Gally,” lay greatest stress upon 
local tenderness. 

Holzknecht thinks that local tenderness 
is the only reliable and important sign, for 
the determination of which visualization 
of the cecum alone is sufficient. Imboden 
believes local tenderness to be of paramount 
importance. To elicit it properly he recom- 
mends roentgenoscopy with the patient in 
recumbent posture, and careful palpation. 
For better visualization of the appendix 
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in cases of ptosis and better recognition of 
adhesions he advises the Trendelenburg 
position. Carman is of the opinion that 
without local tenderness ‘‘all the other 
signs lose much of their persuasiveness.”’ 
Childs says that “‘a tender appendix roent- 
genologically demonstrated carries far more 
clinical value than tenderness over Mc- 
Burney’s point.” White considers local ten- 
derness the best sign of pathology and adds 
that “‘a patient rarely needs operation if 
there is no tenderness when the appendix 
is moved under the palpating finger.”’ 
Gottheiner, Buisson, and others, on the 
other hand, disagree with the above views. 
Gottheiner especially criticizes Holzknecht 
for his attitude regarding local tenderness. 
Though it may be granted, he says, that 
local tenderness is of importance, there are 
other equally or even more important signs. 

Retention in the appendix is considered 
as definitely pathological by many writers, 
especially George and Gerber," while Car- 
man’ considers it of problematical value, 
and Assmann! has definitely proved that it 
may occur in perfectly normal appendices. 

The differential diagnostic aid offered by 
the roentgen ray is entirely ignored or only 
generally mentioned by some writers, while 
others lay great stress upon it or even con- 
sider it the most important part of the 
roentgen procedure. 

Pfahler, for instance, states that he has 
seen several cases of renal calculi operated 
upon for appendicitis. By a proper utiliza- 
tion of the roentgen method one could 
avoid such mistakes. Gottheiner empha- 
sizes that as a good clinician always ex- 
amines the entire patient, so also a good 
roentgenologist should not only pay atten- 
tion to the appendix, but should go over 
the entire digestive tract, including the in- 
trathoracic organs; only then will he be 
able to exclude the possibility of other 
lesions being responsible for the patient’s 
symptoms. He considers roentgenoscopy 
alone sufficient for such purposes and criti- 
cizes the American roentgenologists for 
taking too many plates. Most outspoken 
in regard to the importance of the differ- 
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ential diagnosis, however, is Carman when 
he says: ‘““When by the roentgen examina- 
tion the stomach and duodenum may rea- 
sonably be excluded, the X-ray has given 
its most valuable service and should not 
as yet be expected to go much further.” 

As to the examination procedure itself, 
extremely few examiners systematically 
take abdominal plates before application 
of the contrast meal followed by a complete 
gastrointestinal series. The latter is begun 
either in the usual manner or the Haudek 
meal method is used. Some examiners begin 
the actual observations immediately after 
application of the barium meal, others at 
the six hour or nine hour period or even 
later. Some observers rely solely upon 
roentgenoscopy, others use roentgenoscopy 
and plates. 

Thus it is seen that up to the present 
time roentgenologic studies have failed to 
develop in appendicitis any definite method 
of procedure or any definite and reliable 
roentgenographic sign-complex such as for 
instance has been worked out and univer- 
sally accepted in gastric and duodenal ulcer, 
gastric carcinoma and other digestive dis- 
turbances. On the contrary, there is no 
other abdominal condition in regard to the 
roentgen diagnosis of which there still ex- 
ists as much difference of opinion as in 
appendicitis. This controversy goes so far 
that while many roentgenologists, as we 
have seen, claim to be able to make a more 
or less definite diagnosis in chronic appen- 
dicitis, many clinicians consider such 
diagnosis as unreliable and even call it “a 
delusion and a snare.”’ 

Why this controversy of opinion? Does 
the cause for it lie in the method itself, 
or its wrong application and utilization? 
Or are there possibly some other disturb- 
ing factors the elimination of which we 
have not yet learned? 


These questions aroused my interest 


early in my roentgenologic career, and have 
finally prompted me to undertake certain 
systematic studies for the purpose of possi- 
As it is felt that these 


bly solving them. 
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studies have at last succeeded in producing 
results sufficient for definite conclusions, 
it was decided to make them the subject 
of this paper. 

The roentgenological observations which 
gradually led up to this work were made, 
aside from two years of institutional roent- 
gen experience in Germany, in the roent- 
gen-ray department of Mt. Sinai Hospital 
during the years Ig1I to 1914, while the 
special studies were conducted in the 
roentgen-ray departments of the Monte 
fiore Home and the Lebanon Hospital dur- 
ing the years 1915 to 1920, and in private 
practice since. 

Kor the sake of a better understanding 
of the points at issue it will be necessary 
to describe first, though very briefly, my 
preliminary observations in regard to the 
roentgen diagnosis of chronic appendicitis, 
because it is that practical experience which 
revealed the main questions upon the 
solution of which a firm foundation for the 
roentgen diagnosis would have to depend. 
Furthermore, it is the analysis of that 
first experience which suggested the best 
possible methods for the solution of those 
questions. 

Afterwards the arrangement of the va- 
rious investigation methods will be de- 
scribed, then their results will be discussed, 
and finally the conclusions will be drawn. 

In the consideration of the subject, dis- 
cussion will be confined to chronic appendi- 
citis as in acute appendicitis roentgen exami- 
nations are, as a rule, contraindicated. 

Preliminary Observation 

Observations regarding the roentgen 
diagnosis in appendicitis began on a larg- 
er scale in the roentgen-ray department of 
the Mt. Sinai hospital in 1911 and were 
continued there until 1914. The hospital 
proper and a busy out-patient department 
furnished sufficiently large material. Full 
time work, without the interference of 
private practice, gave opportunity for a 
certain amount of comparative studies of 
roentgenological, clinical and surgical find- 
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ings. The clinical understanding of obscure 
cases was greatly helped by an ever ready 
cooperation on the part of the hospital 
visiting staff for which due appreciation is 
herewith offered. 

The greatest aid, however, came from 
an ideal teacher. In this connection it is 
not only a special pleasure, but a duty to 
express most sincere thanks to Dr. Leo- 
pold Jaches, Director of the roentgen de- 
partment of the Mt. Sinai Hospital, for 
his untiring efforts in properly guiding, 
during those years, my roentgenological 
development. His seasoned and conserva- 
tive judgment, healthful restraining and 
warning against undue diagnostic overen- 
thusiasm greatly facilitated the evaluation 
of the various roentgen signs and thus laid 
a foundation without which this work 
would have been impossible. 

My personal impressions gained on the 
basis of these preliminary observations may 
briefly be summed up thus: 

The appendix was visualized, without 
any special technical arrangements, in a 
vast majority of cases. Occasionally, an 
appendix not demonstrated at the first 
examination became visible at a later re- 
examination if such was necessary for some 
other reason. 

A retrocecal appendix not seen with the 
cecum completely filled, became recogniz- 
able with the cecum partly emptied, 
with the aid of a luffa sponge placed under- 
neath the patient, or with the patient in 
oblique posture. In cases of extreme ptosis, 
visualization of the appendix sometimes 
met with great difficulty. In most of these 
instances, however, one succeeded by 
means of pressure manipulations or a con- 
trast enema in lifting up the cecal region 
sufficiently to allow a satisfactory inspec- 
tion of the pericecal region. 

The so-called roentgen signs enumerated 
in the introductory paragraph were ob 
served in various frequencies. Local ten 


derness, however, as elicited by palpation 
under the roentgenoscope, seemed to be 
the most constant and most reliable diag- 
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nostic evidence. Less constant and regular 
in occurrence appeared to be direct find- 
ings as to the appendix. Still more variable 
were indirect signs such as spastic phe- 
nomena, stagnation, etc. 

Not infrequently the diagnostic problem 
was greatly complicated by apparently co- 
existing lesions, like gastric or duodenal 
ulcer, gallstones, urinary calculi, etc. Where 
such findings were not associated with ap- 
pendicular roentgen signs, the diagnosis 
appeared simple and the differential diag- 
nostic value of the roentgen ray was im- 
pressive. In instances, however, where these 
lesions were associated with appendical 
roentgen findings the diagnostic situation 
sometimes became extremely puzzling for 
the inexperienced and even taxed the abil- 
ity of the experienced examiner. 

In comparing the direct roentgen find- 
ings with the situation revealed by surgical 
exploration, it was found that the roent- 
genographic information regarding the lo- 
cation of the appendix was always correct 
so that the surgeons gradually seemed to 
appreciate the value of such preoperative 
knowledge. Other roentgenographic evi- 
dences were usually, but not uniformly, 
confirmed. There were instances where ad- 
hesions, kinking, concretions, etc., were 
either not found at operation or had been 
overlooked at the examination. 

The checking-up of the correctness of 
the roentgen diagnosis was done by the 
usual method of comparison with the ana- 
tomical diagnosis furnished by the surgeon 
or the pathologist. However, these results 
finally became somewhat puzzling for more 
than one reason. 

Where surgical inspection and macro- 
scopic investigation revealed definite evi- 
dence of pathology, for instance in form of 
pus, or gangrene, intramural abscesses, 
erosions of the mucosa, thickening and in- 
duration of the appendix wall, infiltration 
of peri-appendicular tissues, etc., the ana- 
tomical diagnosis seemed to be settled be- 
yond any doubt. But there were cases in 
which macroscopic investigation showed a 


796 


perfectly normal appendix so that the lat- 
ter had to be subjected to microscopic ex- 
amination. And in every one of these latter 
instances an anatomical diagnosis of ap- 
pendicitis was rendered. 

l‘urthermore, there were encountered in 
the roentgen department not infrequently 
patients in whom a comparatively short 
time ago the appendix had been removed, 
either in this or some other hospital, with 
evidently completely negative therapeutic 
results. An investigation revealed that in 
practically all these cases, too, a diagnosis 
of appendicitis had been made roentgen- 
ologically and anatomically. 

The subsequent roentgen examination 
revealed in a vast majority of these latter 
cases definite evidence of various important 
lesions which, on clinical analysis, most 
probably had existed at the time of the 
previous roentgen examination and had 
been the cause of the symptoms, and, on 
roentgenological analysis, probably should 
have been detected by the roentgenologist 
at that time. This, together with the nega- 
tive therapeutic results, aroused the sus- 
picion that the original clinical, roentgen- 
ological and anatomical diagnoses might 
have been wrong, that the operation might 
have been unnecessary, and that the roent- 
genologist might possibly have been able 
to prevent this apparently unnecessary 
operation. 

It therefore seemed that the result of a 
check-up of the roentgen diagnosis would 
depend upon what one chose as the stand- 
ard for the comparison. If the roentgen 
findings were compared with the anatomi- 
cal diagnosis, the roentgen diagnosis evi- 
dently was 100 per cent correct;on the other 
hand, if the roentgen diagnosis had been 
checked with the therapeutic results, many 
diagnostic errors would evidently have had 
to be registered. Therefore, also, if one had 
cared at that time to rush into print one 
could have, according to the selection of 
the standard of comparison, proved or dis- 
proved the diagnostic validity of practical- 
ly any of the various roentgen signs of ap- 
pendicitis. 
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Problem to be Solved as Indicated by these 
Preliminary Observations 
An analysis of the above experiences in 
dicated that the solution of the roentgen 
diagnostic problem in appendicitis would 
depend upon a further investigation of the 
following three questions: 


1. Is local tenderness, as ascertained 
roentgenoscopically, really the only 
reliable sign of appendicitis? And 
what is the diagnostic status of the 
other so-called roentgen signs? 

2. What réle may roentgenology play in 

differential diagnostic respect? To 

what extent may it reliably serve as a 

means for preventing unnecessary op- 

erations? And what is the best roent- 
genological procedure for such pur- 
pose: 

Are anatomical findings or therapeu 

tic results the best criteria for the cor 

rectness of the diagnosis of chronic 
appendicitis? 


. 


Best Basis for the Solution of the Problem 


A detailed study of all the phases of the 
problem seemed to indicate that a further 
investigation in this direction would have 


the best chance for satisfactory results if 


it were arranged along the following lines. 


The question of the diagnostic value of 


local tenderness could probably be settled 
by making, in a sufficiently large follow- 
up series of cases, such tenderness alone, 
as elicited by palpation under the roent- 
genoscope, the deciding diagnostic factor. 
This conclusion was arrived at on the 
strength of the following reasoning: First, 
previous experience seemed to indicate 
that out of the great multitude of assumed 
roentgen signs local tenderness was the 
most constant and most reliable one. Sec- 
ondly, if the clinical diagnosis of chronic 
appendicitis was based, at least in adults, 
outside of history, almost exclusively upon 
tenderness elicited by the clinician’s pal- 


pating hand over the assumed location of 


the non-visualized appendix, then local 
tenderness elicited by the roentgenologist’s 
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finger over the definitely localized appendix 
should with much more justification be 
taken as the deciding diagnostic finding. 
Thirdly, many of the other roentgen signs, 
especially those giving direct information 
as to the appearance of the appendix, could 
not very well be used for diagnostic con- 
clusions, because a small, easily flexible 
and movable organ as the appendix, having 
besides, a very narrow lumen, would natu- 
rally be expected to present a great varia- 
bility in its roentgenographic appearance 
even under normal conditions. 

The real diagnostic status of all the va- 
rious roentgen signs other than local ten- 
derness could best be ascertained by re- 
cording the frequency of their occurrence 
in appendicitis and non-appendicitis cases. 

In regard to the verification of the roent- 
gen diagnosis it was evident that, in view 
of the uniformly positive pathological find- 
ings in the removed appendices, one could 
not very well expect reliable information 
as to the correctness of the diagnosis from 
the usual method of comparing roentgeno- 
graphic and anatomical findings. More re- 
liable results in this respect probably would 
be obtained if, in addition to the anatomic 
control, one would also follow up the thera 
peutic effect in the operated patients. 

The differential diagnostic question 
could probably be decided by systematical- 
ly paying attention in every appendix case 
to all those roentgenographically demon- 
strable lesions which possibly may enter 
into the causation of the patient’s symp- 
toms. Additional information would be ob- 
tained by a systematic roentgenological 
analysis of appendectomy cases with nega- 
tive therapeutic results. Such observations, 
if carried on over a long period of time, 
would enable one, it was hoped, to work 
out a definite roentgenological procedure 
by means of which the differential diag- 
nostic points could be exhaustively covered 
as far as the roentgenologist was con 
cerned. 

The question of the true status of the 
anatomical changes as a criterion for the 
correctness of the roentgen diagnosis could 
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best be solved by a post-mortem study of 
previously roentgenographed clinically nor- 
mal appendices. A study of this type ought 
to enable one to determine what patho- 
logical changes, if any, may exist in such 
appendices; to what extent, if at all, ana- 
tomical changes may take place in an ap- 
pendix without giving rise to clinical symp- 
toms; and to what degree, if at all, such 
changes may participate in the causation of 
the various appendicular roentgen signs. 
Opportunity for Such Research 

[t probably was a fortunate coincidence 
that an unusual opportunity for carrying 
on this type of investigation offered itself 
in the following years in the roentgen-ray 
departments of the Montefiore Home and 
the Lebanon Hospital. 

It was the combination of the work in 
these two institutions which proved so 
fortunate. While the Lebanon Hospital 
with its acute service furnished sufficient 
material for practical routine observations 
in appendicitis cases, without burdening 
the department with any constant rush of 
work, the Montefiore Home with its chronic 
material gave an excellent opportunity for 
prolonged roentgenologic observations of 
clinically normal appendices. And as a 
large percentage of these patients remained 
in the institution until their death, there 
was a possibility to compare, in a large 
number of instances, the previously ob- 
tained appendicular roentgen findings with 
the autopsy evidence. 

The roentgen studies in the Montefiore 
Home entailed a considerable additional 
expense for the department. In fact, their 
result would have been greatly jeopardized, 
unless the hospital authorities, especially 
Dr. Siegfried Wachsmann, at that time 
Medical Director of the institution, had 
given the writer carte blanche in regard 
to such expenses. This generosity is here- 
with greatly appreciated. 

The anatomical study of the appendices 
was greatly facilitated by an unusually 
cordial cooperation on the part of members 
of the pathological departments, especially 
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Dr. Eugene Bernstein. For all this help 
and also for aid coming from many other 
quarters most sincere thanks are herewith 
expressed. 

After the investigations in the two hos- 
pitals had rendered tangible results and 
had cleared the investigator’s vision re- 
garding the problems in question, private 
practice until the present time gave an 
opportunity for studying in regard to the 
differential diagnostic question certain 
phases which usually are not met with in 
institutional roentgen-ray work. 


Arrangement of the Material 


After many unsuccessful attempts at the 
solution of the problem there gradually 
was evolved a definite system in the ar- 
rangement of the material and the method 
of procedure. 

In order to assure uniformity of the re- 
sults, | decided to do the entire work. 
Therefore only such cases were taken into 
consideration in which all the observations 
had been made by myself. 

Krom the great mass of accumulated 
material the following series of investiga- 
tions has been made the basis for my final 
conclusions: 


A roentgenologic study of 100 hos- 


pital patients referred for examination of 


the appendix during the years 1915 to 

A roentgenologic study of another 
series of 100 patients referred in private 
practice for examination of the appendix 
during the years 1926 to 1931. 

This second series was decided upon in 
view of the progress made in the roentgen- 
ology of the digestive system since the first 
series, especially through the introduction 
of the gallbladder visualization examina- 
tion. 


A roentgenologic study of a series of 


100 clinically normal appendices. 

4. A comparative study of roentgen- 
ologic and post-mortem findings in 46 
clinically normal appendices. 

A roentgenologic analysis of 63 thera- 
peutically negative appendectomy cases 
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collected in private practice during the 
years 1921 until 193 

The methods of procedure employed in 
these investigations will be described in 
the following. 

1. Examination Series for Appendicitis 

The examination procedure in this series 
was arranged along the lines previously 
mentioned, making local tenderness the 
deciding roentgen diagnostic factor, re- 
cording all other appendical roentgen find- 
ings, and paying attention to the differ- 
ential diagnostic possibilities. To accom- 
plish these aims it was decided, on the 
basis of previous experiences, 
following: 

Examination Method. Patients with con- 
stipation received a light physic the night 
before, and a plain cleansing enema on the 
morning of the examination. Otherwise the 
patient was given only the latter. The im- 
portance of the cleansing of the large in- 
testine for the roentgen examination of the 
appendix will be referred to later. 

Prior to the application of the contrast 
meal, plates of the entire urinary tract 
were taken in such a manner that the lum- 
bar and sacral spine and both hip joints 
were included. These plates were developed 
immediately and studied. If necessary, ad 
ditional confirmatory plates were made 

The contrast medium was given either 
in milk or zoolak, usually the latter. The 
examination was begun in the morning 
with the patient on empty stomach. The 
Haudek meal method could not very well 
be used unless the preliminary plates were 
taken on the previous day. 

Always the entire digestive canal was 
examined, using roentgenoscopy and plates. 
During the roentgenoscopic observation 
special attention was paid to the intra- 
thoracic organs for the exclusion of possi- 
ble pulmonary and diaphragmatic lesions. 
In positive or doubtful instances chest 
plates were made. 

The second observation was 


to use the 


usually 


made after six hours, except where the 
rapidly, when 


stomach seemed to empty 
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it was done earlier. Further observations 
took place not in aroutine fashion at def- 
initely set periods, but were arranged in- 
dividually according to existing motility 
conditions. 

The examination was considered finished 
as soon as the colon, including the appendix, 
had emptied. In cases of stasis or apparent 
non-demonstrability of the appendix, the 
observations were continued until the sev- 
enty-two hour period, but no longer, be- 
cause previous experience had shown that 
a further prolongation of the examination 
had only an academic, but no practical 
value. 

For a better visualization of the cecum 
or appendix in cases of ptosis, elevation of 
the pelvis or the contrast enema method, 
in retrocecal appendices, compression by 
means of a luffa sponge or an oblique view 
were used. Otherwise no special technical 
efforts or apparatus were employed. 

The diagnosis was made, as explained 
above, upon local tenderness alone as 
elicited by palpation under the guide of 
the roentgenoscope. Visualization of the 
appendix itself was not considered essen- 
tial. Its localization by the visualized cecum 
was taken as sufficient for the purpose. All 
other appendical roentgen findings, which 
according to the literature had been desig- 
nated as signs of chronic appendicitis, were 
also noted and recorded. 

The determination of local tenderness 
was at times very difficult, especially dur- 
ing the first part of the series. However, 
with increasing experience in the technique 
of palpation and in the proper sizing up of 
the mental attitude of each individual pa- 
tient, this difficulty greatly lessened. 

The problem of properly evaluating ap- 
pendicular tenderness in instances of multi- 
ple tender points was usually satisfactorily 
solved with the aid of the above experience 
or with the help of coexisting signs pointing 
in the direction of some other lesion. By 
extending the roentgenologic search in that 
direction, whether in the form of an ad- 
ditional gallbladder examination, or an ad- 

ditional examination by means of the ba- 
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rium enema for a possible colonic lesion, 
etc., the question could usually be solved. 

A very valuable aid in this respect was 
derived from statements volunteered by 
the patient, so that later on it was madea 
rule to obtain in the course of the observa- 
tions a complete history directly from the 
patient. It may be stated that without such 
“talks” with the patient a hidden lesion 
would occasionally have escaped roentgen 
detection at that time. 

It was of course realized that an exami- 
nation procedure as just outlined did not 
exclude all the differential diagnostic possi- 
bilities, because it was still necessary to 
keep in mind certain gynecological and 
urinary conditions which either cannot be 
detected at all by the roentgen ray or can- 
not be shown by a flat plate. However, it 
was felt that the method assured the maxi- 
mum that could reasonably be expected 
from roentgenology in this type of case 
without interference on the part of the 
roentgenologist with the clinician’s domain. 
In roentgenologically negative instances, 
the clinician would then have to decide on 
the strength of the clinical data, whether 
or not an additional roentgen investigation 
would be advisable. 

The same examination procedure was 
used in the later series of 100 private pa- 
tients except that the gallbladder visuali- 
zation examination was used very exten- 
sively for differential diagnostic purposes. 

The final diagnostic conclusions were 
drawn on a very conservative basis. Cases 
presenting either definite appendical ten- 
derness alone or definite predominance of 
such tenderness as compared with other 
tender points were classified as appendi- 
citis (Table 1). Cases showing definite evi- 
dence of some other important lesion were 
classified as such even if there was some 
appendical tenderness, because experience 
teaches that one very rarely makes a mis- 
take by explaining, especially in abdominal 
conditions, all the patient’s symptoms on 
the basis of one definitely diagnosed cause. 

Patients who presented either no local 
tenderness or only indefinite tenderness or 
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TABLE | 
ROENTGEN DIAGNOSES IN TWO SERIES, OF 100 CASES 
EACH, OF PATIENTS REFERRED FOR ROENTGEN 
EXAMINATON OF THE APPENDIX 


In 100 | In 100 
Hospital Private 
Roentgen Diagnosis Cases Cones 


| 1926-1931 


Appendicitis (on the basis 


of tender appendix) 45 37 
Negative 19 24 
Gallbladder with stones 

without 

stones 
Gastric ulcer 2 3 
Duodenal ulcer 8 
Extreme visceroptosis 6 4 
Cecum mobile 2 I 
Carcinoma of cecum I 
Carcinoma of ascending 

colon 36 1) 39 
Carcinoma of sigmoid 1 2 
Advanced diverticulitis of 

sigmoid I 3 
Meckel’s diverticulum i 
Right renal stone 4 2 
Right ureteral stone 2 1 
Movable right kidney I 3 
Right lower lobe pneu- | 

monia 
Right diaphragmatic pleu- 

risy 
Subphrenic abscess I 
Advanced sacroiliac dis- 

ease 


several questionable tender points without 
evident basis, or in whom the mental at- 
titude suggested neurasthenia, etc., were 
classified as negative. 


Series of 100 Clinically Normal Appendices 

Patients for this series were selected on 
the basis of history, physical examination 
and roentgenological survey. 

Only those cases were chosen which ac- 
cording to their history never had had any- 
thing that could be interpreted as an ap- 
pendicitis attack; which presented no ap- 
pendical tenderness, no evidence of diges- 
tive or urinary disturbance, no suggestion 
of pelvic trouble or disease of the lower 
spine or right hip; which showed no stig- 
mata of neurasthenia or hysteria; and 
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which had had no abdominal operations. 

As in the previously mentioned two se 
ries, here, too, the entire digestive cana] 
was roentgenographed and the examina- 
tion was considered finished as soon as the 
colon including the appendix and cecum 
had emptied. In cases of cecal and appen- 
dical stasis, however, the observations 
were not discontinued at the seventy-two 
hour period as in the previous series, but 
were continued until the barium had dis- 
appeared from those parts, which some 
times took as long as eight to twelve days. 

In the course of these observations spe 
cial attention was paid to all those findings 
which had ever been designated as roent- 
gen signs of chronic appendicitis. Such 
findings were recorded and later tabulated 
(Table 11). The further course of these 
cases was then kept track of. 


Post-Mortem Series of 46 Clinically 
Normal Appendices 


Of the above series of 100 roentgenologi- 
cally examined patients with clinically nor 
mal appendices, §9 died in the institution 
during the period of the investigation. In 
46 of these $9 cases either the appendix or 
a complete autopsy was obtained. 

The gross anatomical findings thus se 
cured were compared with the roentgen 
evidence. Appendices which presented a 
normal macroscopic appearance were sub 
jected to microscopic examination. 


Series of 63 Appendectomy Cases with 
Negative Therapeutic Results 

During the period of 1921 to 1931 there 
were collected in private practice 63 cases 
which had previously been diagnosed 
roentgenologically as appendicitis and had 
been operated upon with completely nega 
tive therapeutic results, and in whom the 
subsequent roentgen examination revealed 
evidence of some other important lesion as 
the probable cause of the patient’s original 
symptoms. 

The cases were collected on a very con 
servative basis. Only such cases were in- 
cluded in which the history definitely in 
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TABLE I] 


ROENTGEN FINDINGS, SUPPOSED TO BE SUGGESTIVE Of} 


APPENDICITIS, AS OBSERVED IN APPENDICITIS CASES, 


OTHER ABDOMINAL LESIONS, AND IN CLINICALLY NORMAL APPENDICES 


Roentgen Findings 


Appendix visualized 

Appendix not visualized 
Appendicular tenderness 
Appendix abnormally high 
Appendix abnormally low 
Appendix abnormally long 
Appendix displaced medianward 
Appendix along external lateral aspect 
Appendix retrocecal 

Appendix retro-ileal 

Appendix kinked 

Appendix coiled up 
Appendicular adhesions 
Irregular appendicular outline (segmented, etc. 
Appendicular concretions 
Ileocecal stasis 24 hr. + 
Appendicular retention 72 hr. 4 
Cecal retention 48 hr. + 

Gastric retention 6 hr. 
Pyloroduodenal spasm 

Colonic spasm 


dicated that the present lesion in all prob 
ability already existed at the time of the 
roentgen examination for appendicitis, and 
where the further clinical course made it 
reasonably safe that the patient’s symp 
toms at that time were due to the now dis- 
covered lesion. Cases where there was any 
doubt in this respect, and also those which 
had been operated upon without roentgen 
examination, were excluded. Otherwise the 
series would have been appreciably larger. 
Results of above Investigations 

The results of the series of investigations 
just described have been arranged for the 
purpose of clearness and brevity, as far as 
possible, in the form of tables. For the sake 
of convenience they will be discussed un 
der the following four headings: 

1. Roentgen diagnostic value of local 

tenderness and 

Best criterion for the correctness of 
the diagnosis. 


In 77 In 100 
In74 Other Clinically 
Appendicitis | Abdominal Normal 
Cases Lesions Appendices 

63 62 SI 
15 19 
74 

4 6 

3 5 2 

2 4 

2 

2 6 

4 

6 9 

I 4 
13 10 18 
12 15 21 

2 3 

2 4 3 

8 14 

9 16 11 

3 9 5 

" 22 4 

& 14 6 


4 


2. Evaluation of all other roentgen signs 
of appendicitis. 

Differential diagnostic problem. 

4. Post-mortem study of clinically nor- 
mal appendices. 


1. Roentgen Diagnostic Value 
of Local Tenderness 
and 
Best Criterion for the Correctness 
of the Diagnosis 

In the first series of 100 patients, as is 
seen from Table 1, a definite diagnosis of 
appendicitis solely on the basis of local 
tenderness as elicited by palpation under 
the roentgenoscope was made in 45 cases. 
Of these 45 patients, 39 were operated 
upon. 

Among the negative cases 2 suffered a 
typical appendicitis attack after two and 
five weeks respectively. One was re-exam- 
ined and a diagnosis of appendicitis made 
on the strength of a characteristic local 
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tenderness. This case also came to opera- 
tion. 

In these 40 operated cases (with no 
mortality) the removed appendix was de- 
clared “pathological” in every instance. In 
32 appendices the anatomical diagnosis 
was based upon macroscopic and in 8 upon 
microscopic findings. 

On the basis of the anatomic findings the 
roentgen diagnosis, therefore, was 100 per 
cent correct. 

Inquiries as to the therapeutic result in 
these 40 operated cases revealed that in 
37 there was complete relief from the symp- 
toms or very marked imprcevement, while 
in 3 instances the original symptoms per- 
sisted. 

The further follow-up of these 3 non- 
improved cases showed that one, present- 
ing stigmata of neurasthenia, continued 
going from one physician to another and 
finally was operated upon again, this time 
for “postoperative adhesions.” In another 
one combined cystoscopic and roentgeno- 
graphic examination revealed a kink of the 
right ureter at the level of the fourth lum- 
bar vertebra. In the third a fibroid of the 
uterus was removed nine months later. 
Both of these latter patients were relieved 
of their symptoms by the respective treat- 
ments. 

On the basis of the therapeutic results, 
therefore, the roentgen diagnosis was correct 
in only 92.5 per cent of the cases. 

In the private series of 100 patients 
(Table 1) a diagnosis of appendicitis on the 
basis of roentgenoscopically determined lo- 
cal tenderness alone was made in 37 in- 
stances, followed by operation in 31 cases. 

Among the 24 negative cases 4 showed 
within the next three to nine weeks reap- 
pearance of symptoms referable to the ap- 
pendix region. Three of these 4 patients 
were re-examined and a diagnosis of ap- 
pendicitis was made on the strength of 
local tenderness, and operation was per- 
formed. 

In these 34 operated cases, also, the re- 
moved appendix was declared “patho- 
logical” in every instance. In 29 the ana- 
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tomical diagnosis was made macroscopical- 
ly, in § microscopically. 

Here, too, therefore, the roentgen diagnosis 
as checked up by the anatomical findings 
was 100 per cent correct. 

The follow-up of the therapeutic results, 
possible in 33 of the 34 cases, revealed that 
29 patients considered themselves relieved 
of their previous symptoms, while in 4 the 
trouble persisted or has even become ag- 
gravated by the operation. In one of these 
4 unrelieved cases a pus kidney was re- 
moved six months later; another one was 
operated upon for a right-sided hernia; and 
a third was being treated for “adnexitis,” 
followed by improvement or complete cure 
in all. In the fourth patient the persistence 
of the symptoms could not be explained. 

On the basis of the therapeutic results, 
therefore, in this series, too, the correctness 
of the roentgen diagnosis was appreciably 
lower than when checked up on the basis of the 
anatomic findings, namely, only SQ per cent. 

To the above may be added that in 2 
cases operated upon for a calculous chole- 
cystitis, roentgenographically diagnosed, 
and in a case of chronic obstructive duo- 
denal ulcer, in all of which coexistence of 
appendical tenderness had been observed 
roentgenoscopically, the simultaneously re- 
moved appendix was also declared “‘patho- 
logical’’ on microscopic examination. In 
another instance of roentgenologically diag- 
nosed advanced gallbladder lesion, also 
associated with marked appendical tender- 
ness, where the appendix was not removed 
the appendical tenderness was found en- 
tirely absent at a roentgenoscopic re-ex- 
amination eleven months later. 

These observations, therefore, justify in 

regard to (a) local tenderness and (¢) 
criterion of diagnosis, the following definite 
conclusions: 
(a) Local tenderness as elicited by palpation 
over the roentgenoscopically visualized ap- 
pendix or appendix region 1s a reliable diag- 
nostic sign of appendicitis because it en- 
ables one to make a definitely proved cor- 
rect diagnosis in approximately 90 per cent 
of the cases. 
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Absence of appendical tenderness does 
not exclude the presence of an appendix 
lesion. It only means that at the time of 
the examination there was in the appendix 
no actual inflammatory process. It is there- 
fore important that the roentgen exami- 
nation be made during the period of symp- 
toms or be repeated on the recurrence of 
the attack. 

Occasionally appendicular tenderness on 
roentgenoscopic palpation may be simu- 
lated by some extra-appendicular lesion 
such as cannot be recognized roentgeno- 
logically. This phase of the problem will 
be discussed later. 

(b) The therapeutic result 1s a better criterion 


for the correctness of the diagnosis of chronic 


appendicitis than anatomical findings be- 
cause anatomically a diagnosis of appendi- 
citis was made also in those instances where 
the appendectomy effected no relief what- 
ever, where it was later proved that the 
symptoms were due to some other cause, 
and where treatment for such cause brought 
about a complete cure. 

This statement, however, has to be 
modified to the effect that in those in- 
stances where surgical inspection and 
macroscopic investigation revealed unmis- 
takable evidence of inflammation the oper- 
ation always proved a therapeutic success. 


2. Evaluation of Roentgen Signs other 
than Local Tenderness 


For the evaluation of all so-called roent- 
gen signs of chronic appendicitis, other 
than local tenderness, reference should be 
made to Table 11. In this table is found 
analyzed the frequency of occurrence of 
such signs as observed in 74 appendicitis 
cases, 77 instances of other abdominal le- 
sions, and 100 clinically normal appendices. 

A study of the table shows that the in- 
cidence of these “roentgen signs of appen- 
dicitis” presents no characteristic prepon- 
derance in definitely proved appendicitis 
cases as compared with that in other ab- 
dominal conditions or in clinically normal 
appendices. On the contrary, some of these 
signs, like cecal and appendical stasis and 


spastic phenomena, occur more frequently 
in non-appendicitis cases. 

It must be concluded, therefore, that 
outside of local tenderness, none of the di- 
rectly or indirectly obtained roentgen evi- 
dences, which hitherto have been considered 
signs of appendicitis, have any diagnostic 
value. 

Especially should be pointed out the 
diagnostic uselessness of appendical re- 
tention which in some of the clinically 
normal appendices persisted for eight to 
twelve days, because not infrequently even 
now a definite diagnosis of appendicitis is 
being made and operation is being advised 
on this sign alone. 

The roentgenologist, furthermore, should 
be most urgently warned against the in- 
discriminate diagnostic use of spastic phe- 
nomena, the variability of which has been 
pointed out by us on a previous occasion." 
As useful as their occurrence in the upper 
parts of the digestive canal often is for the 
diagnosis of various lesions, as useless diag- 
nostically is it in the lower parts. In fact, 
most of such so-called spastic phenomena 
in the appendix itself and in the colon are 
not the product of appendicitis, but of im- 
mature experience. 

In regard to the anatomical findings in 
cases presenting these various appendical 
roentgen signs, the reader is referred to the 
post-mortem study of clinically normal ap- 
pendices. 


3. Differential Diagnostic Problem 


The magnitude of the differential diag- 
nostic problem in appendicitis is shown in 
Table 1 which contains an analysis of the 
diagnostic situation in the two series, of 
100 patients each, previously described. 

In justice to the clinician it must be 
stated that in these 200 patients referred 
for roentgen examination ‘of the appendix, 
the clinical diagnosis was not always ap- 
pendicitis. In many instances the required 
roentgen examination was intended merely 
for the purpose of exclusion, while the real 
clinical diagnosis not infrequently coin- 
cided with the subsequent roentgen findings. 
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However, Table 1 reveals which roent- 
genologically definitely demonstrable con- 
ditions may give rise to symptoms simulat- 
ing the clinical picture of appendicitis. In 
this regard the summary at once impresses 
upon us the large number and the great 
variety of such lesions and the consequent- 
ly important rdle roentgenology is called 
upon to play in differential diagnostic re- 
spect. 

Although the roentgenographic recog- 
nition of these various differential diag- 
nostic lesions is a matter of common knowl- 
edge among roentgenologists, a few points 
of special importance may be emphasized. 

It is of interest to note that, while in 
the series before introduction of cholecys- 
tography duodenal ulcer was the most fre- 
quent differential diagnostic lesion, after 
its introduction gallbladder disease has as- 
sumed the first place. Cholecystography 
therefore should be very extensively used 
for differential diagnostic purposes. 

In gastric and duodenal ulcers, and es- 
pecially in gallbladder lesions, not infre- 
quently coexisting appendical tenderness 
is observed. The association of this finding 
with the above lesions is of great interest 
and importance because !n some instances 
the appendicular tenderness may clinically 
as well as roentgenoscopically so complete- 
ly overshadow the other lesion that both 
the clinician and the roentgenologist may 
be induced to arrive at a diagnosis of ap- 
pendicitis. The watchful roentgenologist 
can correct such misleading impression by 
definitely proving the existence of the other 
lesion. 

Of course, one may argue that in such 
instances the appendicitis is the primary 
and more important, and the ulcer or gall- 
bladder condition the secondary lesion. 
This argument seems to be supported by 
Kruchen* who reported cases of appendi- 
citis with typical symptoms of gastric ulcer 
and by Moynihan’s statement that “‘most 
ulcers are found in the appendix.”’ How- 
ever, one should take into consideration 
the fact that the roentgen diagnosis of ul- 
cer, and for that matter of most other di- 


Thomas Scholz I 


gestive disturbances, is not based upon an 
evidence like clinical symptoms, the inter- 
pretation of which under the most favor- 
able conditions is correct in approximately 
only one-third of the cases, but upon data 
in the interpretation of which the experi- 
enced roentgenologist is correct in more 
than go per cent. This together with the 
further results of our investigation will dis- 
prove Moynihan’s statement, at least as 
far as its application to roentgenology may 
be concerned. 

When finding definite evidence of ulcer 
or gallbladder lesion the roentgenologist, 
therefore, will do well to lay more stress 


TaB_e III 
ROENTGEN FINDINGS IN 63 PATIENTS, PREVIOUSL\ 
OPERATED ON FOR APPENDICITIS, WITH 
NEGATIVE THERAPEUTIC RESULTS 
with stones x 


Gallbladder lesions 2 
without stones 


Duodenal ulcer 13 

Gastric ulcer 

Gastric carcinoma 

Right renal stone 6 

Right ureteral stone 

Advanced diverticulitis of sigmoid 

Carcinoma of sigmoid 

Carcinoma of sth lumbar vertebra 
(Ca. of lung) 

Carcinoma right sacroiliac region 
(Ca. of breast) 


upon such lesions than upon a coexisting 
appendical tenderness. This seems to be 
also corroborated by the previously men- 
tioned gallbladder case in which the ten- 
derness over the appendix cleared up after 
the removal of the gallbladder alone. It 
would lead too far here to try to explain 
these phenomena on the basis of lymph or 
nerve supply or some other theory. 

Of special differential diagnostic interest 
are cecum mobile and extreme visceroptosis 
because, here, owing to the usually present 
cecal tenderness, the differentiation is very 
difficult, and because an unnecessary ap 
pendectomy on account of the frequency of 
subsequent adhesions usually markedly ag- 
gravates the original symptoms. Though 
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through the work of Wilms, Stierlin 
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information 


rentgenoscopy 


Alone 


information obtained was not as complete 
as was desired. In only 51 instances was it 
possible to gain sufficient data in form of 
the original roentgen report, or the plates, 
or information supplied by the previous 
physician. In the remaining 12 cases one 
had to rely in this respect solely upon the 
patient. Yet by making due allowance for 
evidently incorrect statements on the part 
of the patient, the information thus gained 
gives a fairly correct picture of the reasons 
for the roentgen diagnostic mistake. 


These inquiries revealed the following 
as to the character of the 


roentgen examination: 


Plates before 
Barium Meal 
Followed by 
Complete 
Gastrointestinal 


Examination 
without 


Barium Meal 


Series 
12 4 None 


As to the various types of roentgen ex- 


aminers and the number of cases examined 
by each, the following information was ob- 
tained: 


Incompetent Medical 
Roentgen Examiners Technicians 


Working for 


Compe 44 Roentgen- 
tent _ ologist or 
Roentgen- Various Clinicians Clinician 
ologists “X-ray Doing or Their 

Labora Their Own Own 
tories” X-ray Account 

Work 
1g 2§ 


The above analysis explains the reasons 
for the diagnostic mistakes so clearly that 
no further discussion is necessary. 

It is easily seen that a faulty technical 
procedure has caused the errors. Some of 


vibe and Blake® the importance of the mobile 
~a cecum is now generally recognized, the 
‘ly roentgenologist should be reminded that 
— its role in the causation of appendicitis 
seis has been greatly overestimated. It is now 
re — — well known, especially through the investi 
he gations of Aschoff, that, exclusive of tuber- 
” culosis, inflammatory conditions very rare- 
os ly spread from the cecum into the appen- 
ay dix. In the presence of a cecum mobile one 
should therefore hesitate to make a roent- 
gen diagnosis of appendicitis unless there 
es is exceptionally definite evidence. 
“oe The real value of the roentgen ray as a 
Entire Gastrointestinal Intestinal Tract 
Tract Only 
24 
Roentgenoscopy Roentgenoscopy Roentgenoscopy R: 
and Plates Alone and Plates 
1d 6 23 
differential diagnostic means, however, is 
realized when looking over Table 111 the 
contents of which have been collected in 
the manner before described. As a detailed 
analysis of these cases will be given in a 
separate paper, it may suffice here to point 
out only a few roentgenological features. 
g The question naturally asked regarding 
e 5 this material is: How was it possible that 
ba the lesions enumerated in this table, so def. 
\- initely demonstrable by the roentgen ray, 
r could be so completely overlooked at the 
t roentgen examination of the appendix? As 
n the answer to this question was considered 
r of extreme importance for our subject all 
efforts were bent upon obtaining as much 
t information as possible regarding the char 
S acter of the previous roentgen examination 
and the type of the examiner. 
y In view of the fact, however, that the 
. ) roentgen observations (and to a certain ex- 
f tent also the operations) in these cases had 


; ; been made in four different countries and 
in five different states of this country, the 


the lesions were overlooked because only 
the lower half of the digestive canal was 
examined; others, because roentgenoscopy 
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alone was used; still others, because no 
special plates of the urinary tract and spine 
were taken, etc. That a roentgen examina- 
tion for appendicitis without the applica- 
tion of a contrast medium may not be quite 
satisfactory is also clear. 

The most common single factor primari- 
ly instrumental in the causation of this 
faulty technique with its consequent er- 
rors, was incompetence on the part of the 
roentgen examiner. And it was extremely 
painful to observe that clinicians, who 
should be the first in taking care of the 
patient’s interests, were the most frequent 
offenders in this respect by either doing 
the work themselves or leaving it entirely 
to their nurses, or by referring their pa- 
tients to incompetent men. And it was still 
more painful to note that among such clini- 
cians were men of international renown. 

The harm done by these differential diag- 
nostic errors was in many instances very 
great because the vast majority of these 
patients belonged to the middle class. 
When seeing how some of them had spent 
their entire savings for surgeon and hos- 
pital on the promise that they would quick- 
ly become well again; how others had been 
thrown into debt or even had been finan- 
cially ruined; how in still other instances 
the happiness of the entire family had been 
destroyed; and, finally, how some of the 
patients had in the meanwhile lost their last 
chance for recovery, one could not help hav- 
ing a deep feeling of sympathy and shame. 

It was therefore not at all surprising to 
note that practically all these patients or 
their family members expressed doubt as 
to the honesty of the physicians. Most of 
them openly showed dislike and contempt 
for the medical profession and came for 
the new roentgen examination only reluc- 
tantly and with distrust. 

From the above we must conclude that, 
owing to the great multitude of serious, 
reontgenologically definitely demonstrable 
lesions which may simulate the clinical pic- 
ture of appendicitis, and owing to the 
great harm that may result for the patient 
from the non-recognition of such lesions, 
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the roentgen differential diagnosis is by 
far more important than the roentgen diag- 
nosis of appendicitis itself. 

To do the patient full justice in this re- 
spect calls for a systematic roentgen survey 
will all the differential diagnostic possibili- 
ties in mind. It must always cover the en- 
tire gastrointestinal tract, chest, urinary 
tract and lower spine. If necessary, special 
examinations of gallbladder, colon, etc., 
must be added. 

On account of its diversity and difficulty 
such a roentgen survey can be successfully 
made only by an experienced and compe- 
tent roentgenologist. 

It must here again be added that certain 
urinary lesions, neuropathic conditions like 
neurasthenia and hysteria, or gynecological 
diseases, may even then upset the roentgen 
diagnosis. A careful history will in such in- 
stances be the saving factor. 

The differential diagnostic importance of 
urinary conditions, other than those de- 
monstrable by a flat plate, has been shown 
by Lowsley and Twinem.”* Special ex- 
aminations with the aid of uroselectan or 
the combined cystoscopic and roentgeno- 
graphic method may therefore occasionally 
be called for. 

Some of the differential diagnostic le- 
sions, for instance carcinoma of the lower 
spine, may to some of us appear extremely 
rare and therefore of little practical value. 
Yet I have previously*: * shown that such 
conditions, if secondary to a clinically un- 
recognized or unrecognizable primary fo- 
cus in the chest, thyroid, breast, etc., may 
just on account of their rareness and ob- 
scure nature lead to very grave diagnostic 
errors which by a proper utilization of the 
roentgen method are easily avoidable. 

That Gottheiner’s statement that roent- 
genoscopy alone is sufficient for differential 
diagnostic purposes is absolutely wrong is 
self-evident. 


4. Post-Mortem Study in 46 Clinically 
Normal Appendices 

This study comprises (a) a macroscopic 

investigation, (4) a microscopic examina- 
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tion of the macroscopically normal ap- 
pendices, and (c) a comparison of the gross 
anatomical condition with the intra vitam 
roentgen findings. 

(a) Macroscopic Anatomical Findings. 
The cross anatomical condition was de- 
cided by inspection and cross sections. As 
pathological were considered only changes 
in the appendix itself or in the periappen- 
dicular tissues. Adhesions, kinking, etc., 
were not classified as pathologic, but as 
findings the pathological significance of 
which had yet to be ascertained. 

Definitely recognizable gross pathology 
in the appendix itself was observed in 8 
cases. These changes, occurring singly or 
in various combinations, consisted of a 
marked localized thickening of the sub- 
serous and intramuscular connective tis- 
sue, or very pronounced induration and 
thickening of the entire appendix, some- 
times associated with stenosis or even com- 
plete obliteration of the lumen, small evi- 
dently healed defects in the wall, healed 
erosions in the mucosa, brown discolora- 
tion, etc. In one instance the appendix was 
rudimentary and hardly recognizable. 

In no case, however, was there any sign 
of actual inflammation like free pus, ex- 
udate, fibrinous covering of the serosa, 
intramural abscesses, etc. 

Periappendicular changes were found in 
2 cases, in one of them in association with 
appendical findings. 

Chronic gross pathology, therefore, was 
noted in 10 cases (21 per cent), while the 
remaining 36 appendices presented a nor- 
mal macroscopic appearance. 

Conclusions from the Above. Chronic ana- 
tomical changes, even of the most advanced 
type, may occur without any symptoms or 
signs and even without a history of pre- 
vious appendicitis attacks. In other words, 
even most pronounced chronic anatomical 
changes in the appendix may be merely an 
accidental finding having nothing to do 
with the causation of the patient’s symp- 
toms. 

This confirms a similar observation by 
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Williams and Slater and the opinion of 


/ 


Connell" who doubted if what are called 
chronic anatomic changes in the appendix 
are really always the cause of the patient’s 
symptoms. 

(6) Microscopic Findings. Extremely il- 
luminating were the microscopic findings 
in the 36 macroscopically normal appen- 
dices. 

All but 2 presented evidence of anatomi- 
cal changes. These changes usually con- 
sisted of a more or less pronounced increase 
in the subserous and intramuscular con- 
nective tissue or of round cell infiltration 
of the submucosa. 

The 2 normal appendices were in younger 
persons, and as one of them was associated 
with a marked thickening and sclerosis of 
the periappendicular tissues, there was re- 
ally only one completely normal appendix. 

However, the value of these microscopic 
findings became somewhat doubtful on ac- 
count of the following observation made 
during this investigation. When looking 
over and studying with the pathologist a 
large number of the slides the impression 
was gained that there seems to exist a great 
uncertainty in regard to what is normal and 
what is pathological. During such argu- 
ments the pathologist was often unable to 
decide definitely where the normal ends 
and the abnormal begins. And when show- 
ing some of these slides to different pathol- 
ogists different opinions were obtained. 

Conclusions from the Above. \f micro- 
scopic anatomical changes are looked for, 
they will be found in practically every ap- 
pendix, especially in adults. In regard to 
the nature and the significance of these 
changes there exists a marked difference of 
opinion among pathologists. However, as 
they occurred here in clinically normal ap- 
pendices, it must be definitely assumed 
that microscopic anatomic findings of the 
type described above have no pathological 
significance. 

(c) Comparative Study of Gross Anatomt- 
cal and Roentgenological Findings. An anal- 
ysis of this comparison is presented in 
Table iv. In this table the macroscopic 

changes in the appendix itself are entered 
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TABLE IV 


COMPARISON OF ROENTGEN AND POST-MORTEM FINDINGS IN 46 CLINICALLY NORMAL APPENDICES 


Roentgen findings occurring singly 


or in various combinations 


Non-visualized appendices 


Appendix irregularly 


(segmented, etc.) 


Appendix retrocecal 


Appendix retro-ileal 


Appendix along external lateral 


cecal aspect 


Appendix 


Appendix 


Appendix 


Appendix 


Appendix 


Appendix 
ward 


kinked 


coiled up 


outlined 


abnormally long 


abnormally high 


abnormally low 


displaced median- 


Retention in appendix 72 hr. 


Retention in cecum 48 hr. 


Ileocecal stasis 24 hr. 


Appendicular concretions 


Cases with adhesions 


with 


with 


with 


with 


with 


with adhesions 


Il 


adhesions 


I 
adhesions 


oan 
adhesions 


adhesions 


te 


3 
adhesions 
in 2 

adhesions 
in I 


6 


in I 


Gross pathological findings in appendix and 
adjacent tissues 


Appendix greatly thickened with lumen completely ob 
literated in 2; stenosed at base 1; kinked by adhesions 1; 
rudimentary appendix 1; normal 
men In 4. 


appendix and lu 


37 roentgenographically visualized appendices 


Mural changes, interfering with lumen in 3; not inter 
fering with lumen in 1; normal appendix and lumen in 


Position confirmed; adhesions in 2; mural changes in 
normal appendix in 2. 


Postion confirmed, no adhesions; normal appendix. 


Position confirmed; no adhesions; normal appendix. 


Kinked, with adhesions and mural changes, in 1; normal 
appendix in 2. 


Coiled up, no adhesions, normal appendix. 


Abnormally long; no mural changes. 


Position confirmed; adhesions in 1; normal appendices. 


Position confirmed; adhesions in 2; mural changes in 
normal appendix in 4. 


Position confirmed; no adhesions; normal appendices. 


Adhesions in 2; mural changes in 1; normal appendix 
in 


Pericecal and appendicular adhesions in 2; mural 
changes in 1; normal appendix in 3. 


Adhesions in 1; normal appendices. 


Confirmed in 1, with mural changes; found in one other, 
with normal appendix. 


Confirmed in 8; not diagnosed in 3. 
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as ““mural changes” in contradistinction to 
periappendicular findings, while the ap- 
pendices with negative macroscopic ob- 
servations are called “normal appendices.” 
The discussion which follows is arranged 
according to the 
pendicitis.”’ 

Non-demonstrability of the Appendix. 
Among the 9 non-visualized appendices 
there was in § a definite anatomical basis, 
in the form of stenosis or obliteration, for 
their non-demonstrability, while in 4 the 
appendix and its lumen were perfectly nor- 
mal. 

For the non-visualization of these 4 nor- 
mal appendices no definite reason can be 
offered. However, it may be more than a 
mere coincidence that 3 of these patients 
had been suffering from chronic constipa- 
tion. Clogging of the appendix lumen by 
stagnating may therefore be a not 
far-fetched explanation. It was this possi- 
bility which suggested the advisability of 
having the patient’s intestine cleansed be- 
fore the beginning of the examination. 

As the appendices presenting oblitera- 
tion were observed in elderly people and as 
the anatomic changes producing it had not 
given rise to any symptoms or signs, this 
would tend to corroborate Skinner’s*’ con- 
clusion that such obliteration after thirty 
years is a purely physiologic phenomenon. 

Irregular Appendical Outline. For the so 
commonly observed roentgenographic ir- 
regularities in the outline of the appendix, 
like segmentation, beading, etc., 
tomic explanation was found. It is true 
that in 3 instances there were anatomical 
changes in the wall encroaching in some 
places upon the appendical lumen, but not 
to the extent or in the shape suggested by 
the plate. In the vast majority of these in- 
stances, however, there was no anatomic 
reason for it whatsoever. 

White," therefore, was right in assuming 
that such irregularities have no patholog- 
ical significance. Most probably they are 
produced by folds of the mucosa which, in 

view of the narrow lumen, may in places 
completely displace the contrast medium 


“roentgen signs of ap- 


feces 


no ana- 
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temporarily. This appears corroborated by 
the roentgenological observation that on 
different plates of the same appendix these 
irregularities appear on different levels, 
in different forms, or are present on one 
plate and absent on the other. 

Appendical Adhesions. The post-mortem 
findings in regard to these adhesions con- 
firmed the surgically proved fact that their 
occurrence 1s more common than the roent- 
gen examination is able to reveal, but that 
in the majority of instances they can be 
diagnosed correctly. However, as they are 
found in clinically and gross anatomically 
normal appendices their significance is of 
no diagnostic value. 

Our investigation also reminded us ot 
the well-known fact that it is sometimes 
very difficult to determine periappendicu- 
lar adhesions. As the appendix varies 
greatly in its relation to the peritoneal cov- 
ering, sometimes being almost entirely ex- 
tra-, another time completely intra-peri- 
toneal, these varying peritoneal attach- 
ments at times simulate adhesions to such a 
degree that a differentiation becomes prac- 
tically impossible. 

Appendical Kinks. In this respect in- 
teresting information was obtained. Among 
the 3 cases of sharp kinking (not the com- 
monly observed round bends) there was an 
anatomical explanation for the finding, in 
form of adhesion, in only one, while in the 
two others the appendix was slightly bent, 
but perfectly free and macroscopically nor- 
mal. 

Investigation of the peritoneal covering 
of these two appendices, however, revealed 
that the outer edge of the peritoneal at- 
tachments coincided with the level of the 
bends. Furthermore, it was found that by 
injecting fluid into these appendices a more 
or less sharp kink could be produced. 

It is therefore evident that the outer 
edge of the peritoneal covering causes a 
weak point in the appendix wall so it may 
be possible that in such instances a normal 
bend might become intensified into a real 
kink by the weight of the contrast medium 

in the appendix. 
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Appendical Retention. In the vast ma- 
jority of appendical stasis no anatomical 
explanation was found for the stagnation. 
It may occur in macroscopically perfectly 
normal appendices. 

In view of this, new interest must be paid 
to the investigations of Waller and Cole*® 
who have demonstrated in the appendix a 
definite sphincteric and peristaltic func- 
tion. It would be of value to determine 
what factors, if any, may influence such 
function. 

Tleocecal Stasis. An anatomical explana- 
tion for this condition, in the form of ad- 
hesions, was found in one instance, while 
in the other case there were no recognizable 
changes. 

Abnormal Location. In regard to the 
great variation in the location of the ap- 
pendix, an observation which had early at- 
tracted the attention of roentgenological 
investigators and more recently has again 
been carefully discussed by Peirce,*? Kan- 
tor™ and Kantor and Schechter,* the au- 
topsies proved, as surgical findings have 
done before, that the roentgenographic 1 in- 
formation was correct in every instance. 
But they also revealed that no such devi- 
ation from the normal has any pathological 
significance. Such abnormalities, like retro- 
cecal or retroileal appendix, etc., may occur 
in macroscopically perfectly normal or- 
gans. 

Conclusions from this Comparative Study. 
Gross anatomical changes in the appendix, 
even if they are of the most advanced type, 
do not manifest themselves roentgeno- 
graphically in any conclusively character- 
istic manner. In other words, from the 
roentgen appearance of the appendix we 
cannot draw any conclusions whatsoever 
as to its anatomical condition. 


Comment 


The presented material explains the 
great chaos that has existed up to the pres- 
ent in regard to the diagnosis of chronic 
appendicitis. 

This was due to the fact that on the basis 
of an indiscriminate use of macroscopic and 
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microscopic anatomical findings practically 
every removed appendix was declared dis- 
eased. 

This again brought about a hardly be- 
lievable carelessness in clinical and roent- 
genographic diagnosis of this condition and 
a disregard of the importance of the dif- 
ferential diagnosis, because no matter on 
what symptoms the clinician based his di- 
agnosis the operation always confirmed his 
findings. Similarly in roentgenology, no 
matter what signs he chose, on what a 
small number of cases he based his conclu- 
sions, or how immature his experience was, 
the roentgen examiner could always bring 
proof, in the form of anatomic changes, for 
his diagnostic ability and the diagnostic 
value of his favorite roentgen sign. 

One need not, of course, accuse the 
pathologist of any lack of good faith in 
rendering his diagnosis, because anatomic 
changes are really present in practically 
every appendix. What we are justified in 
criticizing, however, is his evaluation of 
such changes, an evaluation which obvi- 
ously and very urgently calls for explana- 
tion and correction. 

For instance, why is it that at autopsies 
not infrequently most advanced connective 
tissue changes, sometimes so pronounced 
as to cause complete obliteration of the 
appendix lumen, are explained to us on the 
basis of a purely regressive process of no 
pathological significance, while the same 
pathologist, when called upon to examine a 
removed appendix, will interpret the slight- 
est connective tissue changes as evidence 
of inflammation? Furthermore, the ques- 
tion of the significance of the increase in 
the leucocytes in the mucosa and of their 
penetration through the epithelial layer, 
and other uncertainties, revealed in the 
course of our investigation, as to where the 
normal ends and the pathologic begins, 
await a solution on the part of the patholo- 
gist. Until such time we must decline to 
accept anatomical changes as a reliable 
criterion for the correctness of the diagno- 
sis, but must rely in this respect rather 
upon the therapeutic result, in some in- 
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stances in conjunction with self-evident 
signs of inflammation as obtained by sur- 
gical inspection. 

As we have proved that the roentgen 
diagnosis of appendicitis must be based 
upon one single sign, namely, roentgeno- 
scopically determined local tenderness, 
with all other roentgen evidence having no 
diagnostic significance, it follows that the 
evidence furnished by the roentgenogram, 
no matter how long we may study it, can- 
not be made the basis of the diagnosis. 

However, once the diagnosis is made 
roentgenoscopically then the lifeless plate 
becomes animated and begins to assume 
importance also by transmitting to the 
surgeon valuable advance information. To 
know that the appendix is situated abnor- 
mally high; or is hidden behind the cecum 
or ileum; or buried way down in the true 
pelvis; or situated in the left side of the 
abdomen; or associated with adhesive de- 
formities of the cecum or other adjacent 
parts of the intestinal canal, etc., will to 
him be highly welcome preoperative news. 
And if such a plate is taken with the pa- 
tient in recumbent posture and the rays 
coming from below so that displacements 
from pressure are avoided and the plate 
portrays the topographic conditions as they 
are found on the operating table, then the 
surgeon will still more consider the roent- 
genogram of real assistance. 

We should therefore remember that local 
tenderness is the soul of the positive roent- 
gen diagnosis of appendicitis. It instills life 
and significance into any other informative 
roentgen evidence. Without it all such 
other evidence assume; a purely incidental 
character. 

Why it is that Deaver dislikes the roent- 
gen examination in appendicitis especially 
“since the roentgen report stresses the 
presence of tenderness in the manipulation 
in carrying out the examination,” while at 
the same time he greatly emphasizes the 
importance of such tenderness “over the 
location of the appendix during the physi- 
cal examination,” is not quite clear except 
that his statement may imply that the 
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roentgenologist does not know how to pal- 
pate. It is true that proper palpation is an 
art that can be acquired only by practice 
and training. But this prerequisite applies 
to clinician, surgeon and roentgenologist 
alike. And there is no apparent reason for 
assuming that the latter lacks the intelli- 
gence or opportunity for acquiring this 
ability to as perfect a degree as anybody 
else. 

Of especial diagnostic aid is roentgen- 
oscopy in appendicitis 1 in children, because 
here more than in adults symptoms are apt 
to be extremely puzzling. In a fretful and 
irritable child, or in one showing irregular 
appetite or bowel movement, or in one 
presenting loss of weight and ambition, 
without any apparent cause and with nega- 
tive physical findings, a carefully done 
roentgenoscopic survey with light palpa- 
tion over the easily visible and often dis- 
placed appendix region may quickly solve 
the diagnostic problem. 

However, the real value of the roentgen 
examination in appendicitis lies, as we have 
seen, in the aid it offers in differential di- 
agnosis. It is here that the roentgenologist 
by arranging his examination procedure so 
that all the roentgenographic differential 
diagnostic possibilities are covered, may 
reap diagnostic triumphs which cannot be 
equalled by any other examiner, no matter 
who he may be, provided that the roent- 
genologist 1s competent. 

The necessity of experience on the part 
of the examiner must be especially stressed 
in private practice, because, while the hos- 
pital patient as a rule is excellently taken 

care of roentgenologically, it is the private 

patient who is most likely to fall into in- 
competent hands with a consequence of 
diagnostic errors. And it is mainly in pri- 
vate practice, where the vast majority of 
the patients consist of persons of moderate 
or very small means, that diagnostic errors 
as analyzed in Table 111 may exert such a 
disastrous effect. 

The contents of this table do not exag- 
gerate the situation. On the contrary, as 
the series comprises patients who prior to 
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the appendectomy had gone through the 
hands of all types of physicians, specialists 
and non-specialists, some of them having 
enjoyed preoperative advice by the highest 
medical and surgical authorities, here and 
abroad, it is fair to assume that the table 
gives a correct cross section of the differ- 
ential diagnostic conditions in appendicitis 
as they prevail in private practice today. 
The frequency of these diagnostic mis- 
takes and their far reaching detrimental 
effect is realized neither by the practitioner, 
because’ the dissatisfied patient usually 
changes doctors, nor by roentgenologists, 
because we as a rule do our work quite 
blindly along the lines suggested by the 
referring clinician. It is only when in our 
private practice we become interested in 
the humane side of our work, when we care 
to acquaint ourselves with the history and 
story of these cases and begin to collect 
them, that the true state of affairs begins to 
dawn upon us. It is then that we begin to 
realize how cases, as shown in Table 11, 
may greatly contribute to the growing ani- 
mosity among the public against the medi- 
cal profession and how they may also bring 
this specialty into undeserved disrepute. 
In criticizing the clinician’s roentgen ac- 
tivities we do not blame him for having and 
using a roentgen machine in his office for 
diagnostic purposes, as long as he knows 
the limitations of ye roentgen diagnostic 
ability. Roentgen examinations in ap- 
pendicitis, however, are, on account of the 
vastness and complexity of its differential 
diagnostic aspect which reaches into the 
most difficult branches of roentgenology, 
decidedly beyond the ability of any clini- 
cian. Therefore, if a clinician does his own 
roentgen work even in these very difficult 
cases, the responsibility for grave diagnos- 
tic errors must rest with him. Similarly, 
responsibility for roentgen diagnostic mis- 
takes in appendicitis must be shouldered 
by those practitioners who refer their pa- 
tients to incompetent roentgenologists. 
This phase of the roentgen situation 
where the patient’s welfare is entirely dis- 
regarded by his own health custodian has 
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gradually become so serious that there will 
come a time when the patient will ask and 
obtain full redress for such diagnostic er- 
rors for which there is absolutely 
cuse. 

It will probably be then that the roent- 
gen examination in appendicitis will be 
automatically placed in the hands of com- 
petent roentgenologists where it exclusively 
belongs. And it will be then that the roent- 
gen diagnosis of appendicitis will no more 
be considered ‘“‘a delusion and a snare,” 
but a diagnostic aid highly esteemed and 
eagerly sought by physician and surgeon 
for the benefit of the patient. 


no ex- 


Conclusions 


Roentgenology is the best 
method in chronic appendicitis. 

Its main value lies in the differential di- 
agnosis, because the roentgen examination 
enables us much better than any other ex- 
amination method to recognize the most 
important lesions which are apt to simulate 
the clinical picture of appendicitis. 

Success in this respect calls for a sys- 
tematic arrangement of the roentgenologi- 
cal procedure and a very careful history so 
that all the diagnostic possibilities will be 
covered. Roentgenoscopy alone is not sufhi- 
cient for this purpose. 

The vastness of the differential diagnos- 
tic problem makes it absolutely imperative 
that the roentgen examination be made by 
a competent roentgenologist. 

If made by clinicians, technicians, or 
incompetent roentgen laboratories, roent- 
gen examinations in appendicitis may lead 
to diagnostic errors which will prove most 
disastrous for the patient. 

The roentgen diagnosis of appendicitis 
is based upon one single sign, namely, local! 
tenderness as elicited by palpation over the 
visualized appendix region. All the other 
so-called roentgen signs are of no diagnostic 
value. 

Evidence in regard to the appendix as 
furnished by the roentgenogram is of value 
only to the surgeon for the planning of the 
operative procedure. 


diagnostic 


VoL. No. 6 


Chronic gross anatomical changes, some- 
times even of the most advanced type, oc- 
cur in an appreciable percentage of clini- 
cally normal appendices. 

Microscopic anatomical changes are 
found in practically every appendix, es- 
pecially of adults. This explains the uni- 
formly found pathology in removed ap- 
pendices. 
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The significance of chronic anatomical 
changes has not yet been determined. 

Anatomical changes, therefore, cannot 
be taken as a reliable criterion for the cor- 
rectness of the diagnosis of chronic ap- 
pendicitis. A much better criterion is the 
therapeutic result, sometimes in associa- 
tion with self-evident proof of inflamma- 
tion as found on surgical inspection. 
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ROENTGEN-RAY STANDARDS AND UNITS' 


STANDARDIZING PROCEDURE 
O FACILITATE the establishment of 
roentgenological standards and to as- 
sist in promoting cooperation between the 
various countries having such standards, 
the following draft memorandum on stand- 
ardizing procedure has been jointly agreed 
upon in preliminary form by the following 
national institutions between which a di- 
rect comparison of roentgen-ray standards 
has been carried out: 


National Bureau of Standards, 
of America 

National Physical Laboratory, 
Physikalisch-Technische 
many 

Service d’Etalonnage de |’Hépital St. 
France. 


United States 


Great Britain 


Reichsanstalt, Ger- 


Antoine, 


The methods of procedure indicated are 


necessarily dictated by the experience of 


the individual laboratories, and may be 
subject to modification according to future 
advances in the science. The four labo- 
ratories will continue to collaborate in the 
development, maintenance and intercom- 
parison of roentgenological standards and 
units, and will issue further memoranda in 
the future as occasion may arise. They 
propose to bring the present memorandum 
to the notice of the Fourth International 
Congress of Radiology at Zurich in July, 
1934. 

Each of the participating laboratories 
will sponsor publication, in its own country, 
of the present memorandum which will 
also be submitted for publication to the 
Acta radiologica in Stockholm. In _ the 
meantime, comments are invited by the 
participating laboratories. 


I. THE MEASUREMENT OF 

Roentgen-Ray Quality (hardness, 
tral distribution). 

The term roentgen-ray quality relates to 

the composition of a roentgen beam as de- 


QUALITY 


Spec- 


1 Publication approved by the Director of the Bureau of Standards of the U. 
2 Collaborators: H. Behnken, P hysikalisch meagan ge Rei chsanstalt; G. W. C. Kaye, National Physical Laboratory; | 
. Taylor, National Bureau of Standards. 


Service d’Etalonnage de |’H6pital St. Antoine; and L. 


THE NATIONAL LABORATORIES? 
termined by the spectral range and energy 
distribution. 

In the case of homogeneous roentgen rays, 
the quality may be expressed in terms of 
the wave length of the radiation, measured 
in Angstrom units (1A=10-8 cm.=1000 
X.U.). 

In the case of the heterogeneous roentgen 
rays which occur in practice, the following 

table outlines a convenient practical classi- 
fication of quality: 


\pproximate 
Range of 


Equivalent 
“End-Radi- 


Designation Applied ation” 
Potential Limits 
kv. peak \ 

“Ultra-soft” (grenz) radi- 
ation 2 2.5-0.6 


“Soft” radiation for di- 
agnostic work and super- 
ficial therapy 

“Hard” radiation for 
deep therapy 120-25 4 
“Extra-hard” or “‘super- 
hard” radiation for high- 
est potential therapy 


te 
ty 


Less than 


Over 25 


(2) Quality Specification. 

In medical practice it is not convenient 
to express the quality of heterogeneous 
radiation in terms of its spectral distribu- 
tion. The quality may, however, be ex- 
pressed with sufficient accuracy for such 
purposes by a statement of generating con- 
ditions and absorption data, e.g.: 

(4) Generating conditions. 

) The target material. 

(b) Either the peak or r.m.s. value of 
the potential applied to the roent- 
gen tube. 

) The potential wave form (e.g., con- 
stant or pulsating). 

(d) The type of filtration. 

S. Department of Commerce. 
. Solomon, 
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(B) Absorption data. 

(a) Form of the total absorption curve 
in celluloid for ultra-soft radiation 
kv.); aluminum for soft 
radiation (20-120 kv.); copper for 
hard radiation (100-250 kv.); cop- 
per or lead for ultra-hard radiation 
(above 250 kv.). 

Frequently, it is sufficient for prac- 
tical purposes to state the thick- 
ness in millimeters of the absorb- 
ing material (celluloid, aluminum 
copper or lead) which, by insertion 
in the beam of radiation, reduces 
the irradiation—ionometric inten- 
sity—to one-half (half-valuelayer). 


or (b) 


Il. MEASUREMENT OF THE ROENTGEN 

Recent international comparison has 
shown that an agreement to within at 
least +1 per cent is attainable between 
the standard roentgen-ray dosage measure- 
ments of the participating laboratories. 
The following experimental precautions 
should be adopted in standard measure- 
ments: 

(3?) Roentgen-Ray Tube. 

The roentgen-ray tube should be of the 
hot-cathode type with tungsten target. The 
focal spot should be as small and as uniform 
as possible and the target should not be 
appreciably pitted. Tube current and ap- 
plied potential shall be kept constant with 
the requisite degree of accuracy during a 
test. 

(4) Roentgen-Ray Beam. 

A diaphragm of suitable aperture shall 
be mounted as near as possible to the 
roentgen tube so that the roentgen beam 
utilized shall include a maximum of radi- 
ation from the focal spot, and a minimum 
of off-focus radiation. The uniformity of 
the radiation field of the test beam shall 
be verified by ionization or photographic 
methods. For measurements made at dif- 
ferent focal distances, deviation from the 
inverse square law should not exceed the 
specified measurement accuracy. The cer- 
tainty of this shall be verified by special 
test. Where, for practical reasons, the in- 
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verse square law does not hold, the ac 
curacy of the results is likely to be in- 
creased by conducting the measurements 
as far as possible from the roentgen tube. 
(5) Standard Ionization Chamber. 
(4) Chambers for either soft or hard radi- 
ation. 

Chambers used for measurement (in 
roentgens) of either soft or hard roentgen 
rays shall be of the open air type (free- 
air, Fasskammer) wherein the measured 
ions are produced in a column of air 
which is not bounded by walls. Different 
forms of such chambers have been found 
to be satisfactory by the participating 
laboratories. For full constructional de- 
tails the several publications of the 
laboratories may be referred to. 

The following general conditions shall be 
satisfied by standard chambers: 

(a) The tonization chamber shall be of 
such dimensions and so constructed 
that: 

(1) The spacing between the meas- 
uring and the high-potential elec- 
trodes is sufficient to insure full 
utilization of the secondary elec- 
trons; 

(11) The electric field between elec- 
trodes is sufficient to insure satu- 
ration. Chamber forms. which 
make the attainment of saturation 
difficult are unsuitable; 

(111) Distortion of the electric field 
between the measuring and the 
high potential electrodes is avoided 
as far as possible, for example, by 
the use of suitable guard elec- 
trodes or a guarded field. 

A chamber diaphragm (entrant 
diaphragm, limiting diaphragm) 
shall be mounted to provide an 
entrance for the roentgen-ray 
beam to the chamber and shall 
conform to the following general 
conditions: 

(1) The material out of which the 
diaphragm is made shall be of the 
minimum thickness which 


(b) 


will 


permit not more than one part in 
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a thousand (1/1000) of the meas- 
ured radiation to pass through the 
material itself; 

(11) The diameter of its aperture 
should be approximately equal to 
the diameter of the focal spot of 
the roentgen tube, but always 
such as to limit the beam entering 
the chamber to one of uniform 
intensity of cross section; 

(i111) The aperture should prefer- 
ably be cylindrical on account of 
the ease of construction and ac- 
curacy of measurement. A cover- 
ing material such as cellophane 
shall not be used; 


(C) Chambers for Ultra-Soft and Super- 
Hard Radiation. 

While preliminary studies have indi- 
cated the probability that the standard 
ionization chamber employed for soft 
and hard radiation may be satisfactorily 
modified for use with ultra-soft and su- 
per-hard radiation, sufficient experience 
has not yet been gained to justify inter- 
national agreement thereon. 


CALIBRATION OF ROENTGEN DOSIMETERS 


(Roentgenometers, Dosimeters, Irradiome- 
ters, Intensimeters, etc.) 
(6) Small Tontzation Chambers. 
(A) Small ionization chambers such as 


(iv) The distance of the chamber are frequently used in_ practice 
diaphragm from the measuring should be so designed and con- 


electrode shall not be unnecessz 

rily large, in order that the correc- 
tion for air absorption of the rays 
along the path of the beam be- 


structed as to be independent of 
quality within the spectral range for 
which they are intended. 
(B) Such chambers shall be equipped 
tween the diaphragm and the with suitable arrangements for check- 
electrode shall be a minimum; ing the constancy of their calibra- 
(v) Precautions shall be taken to tion. 


avoid a measurable amount of 
scattered electrons or secondary 
radiation originating at the rim 


(C) There shall be no ionization in the 
instrument extraneous to that in the 
small chamber itself. 

of the chamber diaphragm from (7) Calibration of Small Ionization Cham- 

reaching the measuring volume. Jers. 


Kor example, a second larger dia- 
phragm whose rim is not struck 
by the direct beam of radiation 
may be placed between the cham 
ber diaphragm and _ measuring 
electrode. 
(c) The ionization current is preferably 
measured by a null method so that 
a distorting electric field does not 
exist between the guard and meas- 
uring electrodes. Radioactive com- 
pensators should be of the con 
stant capacity type. 
(B) Chambers for Soft Radiation. 
Kor the field of diagnosis and super 
ficial therapy (soft radiation), a chamber 
smaller than for the hard radiation may 


be used to advantage. This should, of 


course, agree with the larger chamber 
over the greatest possible quality range. 


(A) Calibrations of small chambers may 
be carried out by either a direct re- 
placement method, or a method de- 
pending upon the inverse square law 
when its validity has been proved. 

(B) Approximately the same portion of 
the test beam should be used for 
both standard chamber and small 
chamber. This should be chosen 
from a portion of the main beam 
which is uniform. 

(C) Walled chambers of the thimble 
type shall be completely enveloped 
by the test beam. 

(D) Filters necessary in the calibration 
of small chambers shall be so placed 
in the roentgen-ray beam that the 
effect of secondary radiation there- 
from is not included in the measure- 
ments. 
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(8) Reports on the Calibration of Small (C 


Chambers. 

In reports on the above types of in- 
struments, the participating laboratories 
will normally include the following: 


’) The temperature and pressure at 


which the calibration was conducted, 
together with correction factors 
for other temperatures and pres 


sures. 


(A) The equivalent in roentgens of the (D) Data on the irradiation (dosisleis- 


overall (or other desired) reading of 
the scale for each quality of test 
beam used. 


(B) Data on the quality of each test (k 


beam used (in accordance with para- 
graph 7). 


tung, ionometric intensity) which 
was used for the calibration, hence 
for which the calibration is valid. 
Data on the means provided to 
check the secular constancy of the 
sensitivity of the instrument. 
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A NEW METHOD FOR THE TREATMENT OF 
“BLEEDING NIPPLE” BY RADIUM 
IMPLANTATION* 


By 


CHICAGO 


HE PURPOSE of this communicaton 

is to present a new method for the 
treatment of lesions underlying serous and 
serosanguineous discharges from the nip- 
ple. The method referred to consists of 
the implantation of removable platinum 
filtered radium element needles into the 
breast about the nipple and areola. 


CLINICAL CONSIDERATIONS 


The clinical problem of “bleeding nipple” 
may be divided west into two 
categories as follows: (1) The treatment of 
breasts exhibiting a serous or serosanguin- 
eous discharge from the nipple in which 
there is no palpable tumor. (2) The treat- 
ment of breasts in which a serous or sero- 
hemorrhagic discharge from the nipple is 
accompanied by a palpable tumor. 

STATEMENT OF THE PROBLEM 

The syndrome which constitutes the sub- 
ject of this communication, commonly re- 
ferred to as “bleeding nipple,” occurs in 
breasts which are the seat of a recognized 
pathological process. The pathological 
state underlying a serous or serohemor- 
rhagic discharge from the nipple consists of 
one or more duct papillomata or of duct 
carcinoma. When this sign is accompanied 
by a palpable tumor the diagnosis is clear 
and the line of procedure is clarified. Under 
these circumstances carcinoma has become 
fully established and the breast must be 
treated for cancer according to all the 
criteria used in the treatment of this 
disease. A far more difficult diagnostic and 
therapeutic problem confronts us when a 
breast exhibits a serous or serohemor- 
rhagic discharge from the nipple in which 
no palpable tumor exists. As patients are 


* Read before the American Congress of Radiology, Chicago, IIl., Sep 
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consulting their physicians earlier the ma- 
jority of women who now come under ob- 
servation for this sign do not harbor a 
palpable tumor of the breast. Thus the 
problem becomes more complex both 
regard to diagnosis and to treatment. 

It was stated above that the lesion un- 
derlying the syndrome of “bleeding nipple” 
is either duct papilloma or duct carcinoma. 
In the presence of a palpable tumor the 
diagnosis of carcinoma is justified unless 
the tumor is an unrelated lesion as, for 
example, fibroadenoma. The important 
question arises: How commonly does one 
encounter duct carcinoma in the presence 
of a hemorrhagic discharge from the nipple 
when a tumor cannot be palpated? In my 
experience this is a rare event; I have seen 
it in only one case. It is safe to state that 
the greater possibility under these circum- 
stances is the presence of a benign lesion. 
This brings us to the crucial part of the 
problem. What is the prognosis of duct 
papilloma of the breast? 

This subject finds itself in a state of 
confusion, some authors looking upon the 
lesion as innocent, others regarding it as 
of grave significance. Those who look upon 
duct papilloma as an innocent lesion base 
their position upon the experience that 
certain patients harboring this lesion in 
their breasts fail to develop carcinoma after 
a lapse of some years even though the con- 
dition is not treated. Those who look upon 
this lesion as being a grave menace point 
to the following evidence: (1) A certain 
definite proportion of breasts exhibiting a 
bloody discharge from the nipple ultimate- 
ly become the seat of carcinoma. (2) The 
supervention of carcinoma upon the benign 


process may require many years (as long 
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as twenty, thirty, or forty years) so that 
breasts in which this complication has not 
occurred in shorter periods are by no means 
immune. (It is admitted that in a certain 
proportion of cases the supervention of 
carcinoma may never occur.) (3) In the 
benign papillomatous state in other organs, 
notably the bladder and colon, the super- 
vention of carcinoma is in the bladder—a 
frequent event and in the colon almost a 
certainty. (4) Experimental evidence, par- 
ticularly with tar, proves the benign papil- 
lomatous stage to be one step in the cancer 
process. (5) When cancer complicates the 
papillomatous state in the breast the two 
lesions occur in the same duct unit, thus 
ruling out the possible fallacy that the two 
lesions may be accidental rather 
causative. 


than 


THE PRACTICAL PROBLEM 


From a practical point of view, when a 
patient presents herself with a spontane- 
ous serous or serohemorrhagic discharge 
from the nipple and no tumor can be pal- 
pated in the breast, what is the safe and 
conservative procedure to adopt? It is my 
opinion that to permit such a lesion to go 
untreated is dangerous and unjustified. 

The safest method to pursue when the 
discharge is hemorrhagic is to perform a 
complete excision of the whole breast with- 
out the fascia or muscles or axillary lym- 
phatic glands. This procedure is advocated 
by no less authority than Sir George 
Lenthal Cheatle of London. In women past 
the age of forty this line of procedure is the 
safest measure to adopt. At this point the 
question arises as to the wisdom of at- 
tempting to perform a local excision for 
this condition. If a local excision is decided 
upon, how is the lesion to be localized and 
what will determine the extent of the ex- 
cision? 


LOCALIZATION OF THE LESION 


A determination of the exact source of 
a serous or serohemorrhagic discharge from 
the nipple by clinical examination is ac- 
tually a difficult matter and sometimes one 
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impossible of execution. In the absence of 
a palpable lesion, careful pressure with one 
finger may be of some help but it is fre- 
quently unsuccessful. It is in this field that 
transillumination finds its greatest useful- 
ness. I originally reported upon this method 
in 1929. Since this observation it has be- 
come evident to me and to others who have 
employed this method that transillumina- 
tion is a useful procedure in the localization 
of duct papillomata underlying “bleeding 
nipple” (Ewing, Cheatle, Bloodgood, lee 
and Adair). 

| wish to re-emphasize that in some in 
stances, particularly when the papillomata 
are very small, localization is not possible 
by means of transillumination. In most 
cases, however, careful examination of the 
breast by transillumination in a totally 
dark room reveals the presence and _ posi- 
tion of intraduct papillomata and within 
limits indicates the extent of their dis 
tribution. 

Local excision for duct papilloma is ap- 
plicable to those lesions which are situated 
in the region of the nipple or areola which 
can be localized by transillumination. This 
conservative procedure is especially indi- 
cated when the patient is young so that 
chances of carcinoma are at a minimum 
and because the patient prefers to avoid 
or refuses the removal of the whole breast. 

The disadvantages of local excision for 
this lesion are numerous: (1) If carcinoma 
exists, the excision is inadequate. This ob- 
jection is overcome by performing a frozen 
section of the removed specimen and carry- 
ing out further treatment if carcinoma is 
discovered. (2) Although transillumination 
fails to disclose but one lesion, other micro- 
scopical lesions may be present and remain 
outside the field of operation. (3) The 
papillomatous process is sometimes so 
widespread as to involve the entire duct 
system of the breast. (4) There are con- 
siderable technical difficulties in attempt- 
ing to execute a local excision for duct 
papilloma, which may prove unsuccessful. 

Thus local excision is impossible in the 
group of cases in which the lesion cannot 
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be localized by palpation or transillumina- 
tion, inadequate in cases of diffuse papillo- 
matosis, and uncertain of removing the 
entire lesion in apparently localized papillo- 
mata. Furthermore, it must be promptly 
followed by more extensive surgical meas- 
ures if carcinoma is discovered in the ex- 
cised specimen. 

Thus we find ourselves in a rather un- 
satisfactory position as regards the surgical 
treatment of this group of cases. The wis- 
dom of performing complete local mastec- 
tomy in older women is undisputed. But 
in younger women the question arises, are 
we justified in recommending the removal 
of the entire breast in the presence of a 
serous or serohemorrhagic discharge from 
the nipple for a lesion that is most likely 
not cancer and which, although potentially 
cancer, is not certain to become malignant? 


rHE USE OF INTERSTITIAL IRRADIATION IN 
CASES OF ““BLEEDING NIPPLE” 


| have attempted in the past to treat 
“bleeding nipple” by external irradiation 
without success. It is quite possible that 
the failure can be accounted for by inade- 
quate dosage. The work of Keynes of Lon- 
don in the treatment of mammary cancer 
by interstitial irradiation has proved def- 
initely that a certain proportion of malig- 
nant tumors of the breast can be sterilized 
and the patients may remain well for years. 
In fact, it is the opinion of Keynes that 
this method is as successful as surgical re- 
moval of the process. Without entering 
into the controversial field of the relative 
merits of radiation and surgery in the 
treatment of operable mammary cancer, it 
is recognized by all that Keynes has made 
an important contribution to the technique 
of irradiation of breast cancer. The im- 
portant features of this method are ade- 
quate filtration, homogeneous distribution, 
and more particularly, the prolonged ir- 


radiation which extends over a period of 


seven or eight days. 

| have employed the Keynes technique 
for inoperable and sometimes operable 
mammary cancer with radium element 


Treatment of “Bleeding Nipple” 821 


needles and also with emanation. In my 
opinion, the criticism of the method is the 
practical impossibility of sterilizing the 
axillary lymphatic gland area by means of 
interstitial irradiation with regularity and 
certainty. This, I believe, is the important 
drawback to the method. So far as the 
sterilization of cancer in the mammary 
gland itself is concerned, I agree with 
Keynes and regard his contribution of 
great value. 

Considerable experience has now ac- 
cumulated upon the microscopical changes 
that occur following interstitial irradiation 
of mammary cancer. Thus it is a logical step 
to consider that if afully established primary 
mammary carcinoma can be sterilized with 
some degree of certainty by interstitial ir- 
radiation, a duct papilloma or multiple 
papillomata, or diffuse duct papillomatosis 
can be similarly affected by this means. 
This conclusion might be challenged on 
the basis that carcinoma cells are more 
sensitive to irradiation than the cells of 
duct papilloma, but whereas this criticism 
might be justified if external irradiation 
were employed, it can be disregarded when 
interstitial irradiation is the method 
adopted. There is ample proof available 
that an adequate dose of radiation ad- 
ministered to a papilloma by interstitial 
treatment results in destruction of the 
lesion and its replacement by fibrous con- 
nective tissue. 

In view of these considerations, it seems 
logical to suggest the implantation of re- 
movable radium element needles for the 
treatment of selected patients suffering 
from a serous or serohemorrhagic discharge 
from the nipple. The method offers the 
advantage of avoiding the radical pro- 
cedure of breast amputation for a lesion 
which may not be cancer and usually is 
not cancer when treatment is administered 
and which may possibly never become can- 
cer. It is a more complete procedure than 
local excision as it treats the entire duct 
system of the breast and at the same time 
avoids surgical interference. It should be 
adequate to destroy completely an early 


duct carcinoma and especially if it is so 
early as to fail to be accompanied by a 
palpable tumor. 

It appears to me to offer an intermediate 
method between two extremes: the one, 
over-conservatism, consisting of no treat- 
ment, which is dangerous, and the other, 
complete removal of the breast, which al- 
though safe, may be considered radical for 
small benign lesions. 

Two patients whose breasts exhibited 
discharges from the nipple have been 
treated by the implantation of removable 
platinum radium needles. In both instances 
the discharge has stopped and there is no 
clinical evidence of disease after twenty- 
four and eighteen months, respectively. 


REPORT OF CASES 


Case 1. The patient was a woman aged 
forty-five. She was married and had two chil- 
dren aged twenty-two and twenty-five years, 
respectively. She had nursed both children 
without difficulty. The family history is nega- 
tive for cancer. She has had inverted nipples 
as long as she can remember. In 1927, five 
years previously, a hysterectomy had been 
performed for fibromyoma and soon after- 
wards she noted a clear, watery discharge from 
the left nipple. About two years before, roent- 
gen treatment was administered over the breast 
once each week for eight weeks. This cycle of 
treatment was repeated over a period of two 
years with three to four week intervals. The 
exact dosage could not be determined but the 
skin became markedly pigmented. The dis- 
charge from the nipple was not affected. The 
patient was examined on January 6, 1932. 
Both nipples were inverted. The skin overlying 
the left breast was highly pigmented but in- 
tact. There were no masses to be felt in either 
breast. The left nipple was covered with a dry 
crust and a clear straw-colored fluid could be 
easily expressed from the nipple on gentle 
pressure. There was no actual erosion of the 
nipple, consequently Paget’s disease, which had 
been suspected, was ruled out. Transillumina- 
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tion failed to show an opacity. The patient 
refused any form of operative intervention. 

On April 25, 1932, radium implantation was 
performed as follows: Four platinum needles 
each 1.9 cm. long and containing I mg. of 
radium element, ten platinum needles each 
3.2 cm. long and containing 2 mg. of radium 
element and two platinum needles each 4.4 
cm. long, each containing 3 mg. of radium ele- 
ment, were distributed around the nipple and 
areola. The total radium content of the needles 
was 30 mg. and they remained in place for fifty 
hours. The total dose was 1,500 mg-hr. The 
discharge which had been present for five years 
promptly stopped and has not recurred up to 
the present (twenty-four months). 

Case u. The patient was a woman aged 
forty-one. She had two children. The father 
and one sister had died of cancer. A yellowish 
spontaneous discharge from the left nipple had 
been noted for six months. On examination, 
both breasts were normal to inspection and pal- 
pation. On transillumination a definite opacity 
was noted in the upper inner quadrant of the 
left areola, close to the nipple. There were no 
palpable masses. Gentle pressure over this area 
caused the escape of a clear, slightly pink fluid 
which on microscopical examination showed 
the presence of red blood cells. 

On November 29, 1932, implantation of 
radium was executed as follows: Eleven plati- 
num needles, 3.2 cm. in length and each con- 
taining 2 mg. of radium element and five plati- 
num needles, 1.9 cm. long, each containing | 
mg. of radium element, were implanted in the 
breast around the nipple and areola for seventy- 
two hours. The discharge promptly stopped 
and has not recurred eighteen months after 
treatment. 

CONCLUSIONS 

Interstitial irradiation is suggested as a 
new method for the treatment of selected 
patients suffering from serous or serohe- 
morrhagic discharge from the nipple. It has 
the advantage of avoiding the removal of 
the breast, especially in young women, 
for a lesion which although potentially 
cancerous is still benign. 
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ROENTGEN THERAPY OF ACTINOMYCOSIS* 


By E. GERARD SMITH, B.Sc., M.D. 


BOSTON, MASSACHUSETTS 


ANY methods have been used in the 

treatment of actinomycosis. Few of 
them effect a cure and some of them may 
aggravate the infection. The results ob- 
tained by the use of roentgen rays have 
been considered satisfactory in some cases. 
In spite of the fact that roentgen irradi- 
ation was first employed in cases of actino- 
mycosis in this country, relatively few 
articles dealing with this subject are to be 
found in the American literature. The vast 
majority of cases so treated have been re- 
corded in the European journals and these 
are not readily available to the average 
practitioner. Because of these facts and 
because our interest in the technique of 
roentgen therapy was aroused by a case 
we are now treating, a review of the liter- 
ature was undertaken. 

Among the various therapeutic agents 
used are copper sulphate, vaccines, methyl- 
ene blue, and salvarsan. All of them have 
lost favor, although cures have been re- 
ported as having resulted from their use. 
lodides are generally used but some doubt 
as to their efficacy has been raised by 
Heeren, Jiingling, and others. These au- 
thors reported a series of cases some of 
which received iodides during roentgen 
treatment and some of which did not. The 
results were the same. Radical surgery in- 
cluding curetting is probably inadvisable. 

A study of the cases reported by the 
authors quoted herein shows that, all other 
things being equal, those cases which had 
a minimum of surgical interference recov- 
ered more rapidly than did the remainder. 
Surgical procedures should probably not 
be resorted to except to provide drainage 
and to assist in definitely establishing a 
diagnosis. They should then be limited to 
a small incision, preferably a stab wound. 
Cases have been reported as cured by the 


use of radium. Unfortunately, the size of 


most actinomycotic lesions, combined with 
the scarcity and prohibitive cost of the 
element, makes its use impractical. 

Actinomycosis first successfully 
treated with roentgen rays by Harsha 
(1904) in this country. The case reported 
was that of a man aged fifty who developed 
a swelling at the angle of the right jaw 
following the extraction of two teeth. The 
mass was incised but did not heal and was 
regarded as being sarcoma. Following the 
administration of iodides by mouth and 
the use of roentgen rays the wound healed, 
the swelling disappeared and the patient 
remained well. Bevan (1905) reported sev- 
eral cases treated with roentgen rays. One 
of these had an advanced abdominal lesion. 
All but one of these showed considerable 
improvement after roentgen therapy and 
the administration of iodides. Iselin (1910) 
had observed for several years that the 
induration of actinomycotic lesions re- 
gressed rapidly under the influence of 
roentgen radiation. Levy (1913) recorded 
2 cases. The first of these was cured by 
the use of roentgen rays alone. The second 
case had been subjected to many thera- 
peutic procedures but was cured only 
after exposure to roentgen rays. Sardemann 
(1914) recorded 4 cases cured by the com- 
bined use of roentgen radiation, surgery 
and iodides, but credited the result chiefly 
to the use of roentgen rays. Since that time 
cases showing the effectiveness of roentgen 
irradiation have been published by Norden- 
toft (1914), Jingling (1919) and numerous 
others. 


\CTION OF ROENTGEN RAYS ON THE FUNGUS 

Kleesattel carried out experiments in 
which he subjected cultures of actinomyces 
to roentgen rays. While he noted that ten 


erythema doses had no lethal effect on the 
organism in vitro, he also noted that a 


* From the Radiological Clinic, Massachusetts General Hospital (Dr. George W. Holmes, Director). 
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week after irradiation the speed of growth 
was retarded for a period of several days. 
The exact action or influence of roentgen 
rays on the actinomyces in vivo is not 
known. Some authors believe that when 
an individual who has been receiving large 
doses of iodides is subjected to roentgen- 
ray exposures nascent iodine is set free in 
the tissues which in turn has a deleterious 
effect on the organism. Since many patients 
have recovered from the infection as the 
result of the use of roentgen rays alone, 
this view is rather difficult to substantiate. 
I believe that recovery in irradiated cases 
is probably due to several factors, includ- 
ing the beneficial effect of roentgen rays 
often observed in inflammations of a pyo- 
genic nature. Another factor may be the 
distinct difference in the morphology of the 
organism in vivo and in vitro. It is quite 
possible that it is more radiosensitive in 
vivo. Many bacteriologists believe that the 
other organisms which are usually found 
in actinomycotic lesions have a synergistic 
action, and it may also be that roentgen 
rays disturb this synergy and thus permit 
the tissues to build up their own defence, 
helping in this way to effect a cure. 


CERVICOFACIAL LESIONS 


The cervicofacial region is by far the 
most common site for actinomycotic in- 
fections. Lord gives the percentage as 50 
while Boyd believes it to be as high as 60. 
When one inquires into the history, the 
patient may recall having chewed grass or 
having used a bit of straw as a toothpick. 
Often the infection is coincident with, or 
rather follows, trauma to the region such 
as a slight abrasion or the extraction of a 
carious tooth. The lesion is similar to that 
of the other granulomata. A firm mass 
slowly develops and the surrounding tis- 
sues become “‘board-like’’ to the touch. 
Sometimes it is painful but not always. 
The skin may or may not become dis- 
colored. In many cases it takes on an angry 
purplish hue. 
time the mass softens, abscesses form and 
then break down leaving one or more 
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sinuses. The latter usually discharge a pus 
which contains the typical sulphur gran- 
ules. These granules are not always abun- 
dant, however, and in every suspected case 
a careful search should be made. 

On reviewing the results of the roentgen 
treatment of cervicofacial actinomycosis 
one cannot help but regard roentgen ther- 
apy as a distinct advance over other ty pes 
of treatment. This is particularly true in 
view of the fact that the technique used 
was for many years more or less haphazard. 
Most of the early cases were treated with 
superficial or long wave therapy, that is, 
rays generated at 95—130 kv. peak, passed 
through a filter of 1 to 2 mm. aluminum. 
A few received medium wave therapy and 
fewer still short wave therapy. The results 
in this type of lesion were fairly uniform, 
however, and probably because the depth 
of the infection is rarely more than 3-4 
cm., wave length seems to make little dif- 
ference. Dosage, on the other hand, is of 
greater importance. In a paper such as this 
it is impossible to chart the dosages given 
to all the cases which were reviewed since 
up to within fairly recent times 
different unit doses were in use. 
mon denominator must of necessity be 
quite arbitrary and therefore only a few 
of the series of cases in which dosage was 
given in terms of erythema doses 
will be briefly discussed. 

As a general rule, those cases which re- 
ceived large initial doses made the most 
rapid and uneventful recoveries. Von 
Tempsky reported 36 cases, 32 of which 
were healed. When the patient was seen 
early in the course of the disease } E.D. was 
given on three successive days. Other cases 
received I E.D. in one dose, often through 
several fields. The time interval between 
treatments varied from three to four weeks 
and treatments were continued as long as 
there was any sign of activity, often for 
some time after the induration and _ in- 
flammation had completely disappeared. 
All of these cases received KI. Heeren re- 
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ported 12 cases, 10 of which were healed; 
one died and the other improved. 


His 


| 
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technique was similar to that used by von 
Tempsky and he noted that in those cases 
in which large intensive doses were given 
immediately, recovery was much more 
rapid than in those cases which received 
the same dose over a period of several 
days. Several of the cases which received 
initial doses of only 60~-70 per cent E.D. 
did not show improvement for some time 
in spite of subsequent treatment. Five of 
his patients received KI but he was unable 
to note any advantage in its use. Of Jiing- 
ling’s series of 13 cases one died. In this 
case the patient received only two doses of 


2 


; E.D. a month apart, followed by 3 E.p. 
during the third month. All of the other 
cases reported by him received larger 
initial doses and all but one were healed. 
Five of his cases received KI. Fiken’s ex- 
perience led him to the conclusion that 
large intensive doses early in the course of 
the disease are highly desirable and the 
vast majority of authors concur in this 
view. 

ABDOMINAL LESIONS 


The diagnosis of abdominal actinomy- 
cosis is somewhat more difficult than that 
of cervicofacial lesions. Most of these 
patients have a history greatly resembling 
that of acute or chronic appendicitis and 
have undergone surgical operation on the 
basis of that diagnosis. After operation a 
new abscess usually forms which may like- 
wise be characterized by ‘“board-like’’ 
hardness and which also breaks down in 
the manner of cervicofacial lesions. Often 
the patients are operated on several times 
before a diagnosis is definitely established. 
Such were the circumstances of most of 
the cases recorded. As Desjardins noted, 

Many of these patients were so ill and the 
lesions so extensive when treatment was started 
that the termination was necessarily fatal. 

Before drawing any conclusions from the 
data given in Table 1 it is only fair to say 
that most of these cases were treated with 
superficial therapy. 

cases 1s very interesting. Of the 20 cases in 
which end-results were obtained, 14 died 
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Desjardins’ series of 
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and 4 were cured. Only 4 failed to show a 
definite improvement at some time. Of the 
4 which were cured 3 received supplemen- 
tary radium treatment, while of the 14 
which died only 3 received radium. In all 


TABLE 
RESULTS IN CASES OF ACTINOMYCOSIS TREATED 
WITH ROENTGEN RAYS* 


Cervicofacial Lesions 


Total No. Improved Healed Died 
of Cases 
129 12 107 10 
9.36% 83.44% 7.8% 
Abdominal Lesions 
4§ 6 17 22 
13-13% 37-74% 48.84% 


7 ‘horacic Lesions 
2 2 2 I 


/ 
or 
9-527 9.52% 80 .92'% 


* These cases were gathered from the literature. Approximately 
60 per cent of those listed as healed were followed for a period of 
one or more years after treatment. 


of these cases the entire abdomen was ir- 
radiated anteriorly through a 4 mm. Al 
filter and posteriorly through a 6 mm. Al 
filter. The rays were generated at 135 kv. 
peak and 5 ma. The usual dose for each 
field was 70-90 per cent E.D. Most of his 
cases received two to three series of treat- 
ments at intervals of three to four weeks. 
The cases reported as healed by other 
authors received on the average doses of 
’-) g£.D. through two or more fields at 
intervals of one to four weeks. 


THORACIC LESIONS 


The mortality of those patients with 
thoracic lesions is the highest of the three 
types considered. As was the case in ab- 
dominal lesions the majority of patients 
were treated with superficial therapy 
which may account to some extent for the 
poor results. Most of them had reached 
chronicity when roentgen treatment was 
started. It is interesting to note that the 
one case which was healed in the series 
reported by Desjardins received a larger 
dose of roentgen rays than did any of the 
others. Both of the patients treated in this 
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clinic improved. One of them died at the 
age of seventy-five in the course of the 
disease, two years after the inception of 
roentgen treatment. It is quite possible 
that heavy doses of deep therapy will im- 
prove the prognosis of thoracic lesions. 


REPORT OF NINE CASES 


Since 1919, eighteen cases diagnosed as 
actinomycosis have been treated with 
roentgen rays in this clinic. The diagnosis 
of actinomycosis 1s not an easy one and 
often: several laboratory examinations are 
necessary before the organism is found. The 
diagnosis of the cases reported was con- 
firmed by one or more microscopic exami- 
nations. 


Case 1. (No. 11570.) Male, aged sixty-six. 

Three weeks before admission to the out- 
patient department on October 13, 1931, the 
patient had had two lower left molars extracted. 
Immediately thereafter his left lower jaw began 
to swell and became tender, hard and painful. 
On incision, typical actinomyces were found. 
There is no record of the use of KI. He re- 
ceived 800 r(200 kv.p., filter o.§ mm. Cu. plus 
4 mm. celluloid) in daily doses of 200 r. When 
seen again in a month later he had improved 
markedly and the wound had closed. He was 
then given 400 r and 200 r on the following day. 
On April 27, 1932, he was in excellent condition 
and when last heard from on June 6, 1933, 
there had been no recurrence. 


Comment. The treatment given in this 
case was adequate and the result satis- 
factory. 


Case ul. (No. 9681.) Male, aged twenty-six. 

The patient was admitted to the out-patient 
department on October 3, 1928. Four weeks 
previously the patient had had a tooth ex- 
tracted followed by swelling of the right lower 
jaw three weeks later. He was advised to use 
hot poultices but the swelling enlarged and be- 
came very hard and painful. It was incised on 
November 21, 1928, but did not improve. On 
re-incision on ‘December 22, 1928, actinomyces 
were found in the pus and KI was given. On 
January 2, 1929, the patient was referred to 
the roentgen therapy department and received 
200 r (200 kv.p., filter 0.5 mm. Cu plus 4 mm. 
celluloid). This dose was given at weekly in- 
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tervals for one month. When seen again on 
March 7, 1929, there was a marked improve. 
ment and the treatment was repeated. On 
September 18, 1929, no palpable masses were 
to be found and on January 29, 1930, he was 
discharged as cured. 


Comment. The amount of radiation given 
this patient appears to have been adequate. 
Had treatment been started earlier the 
period of convalescence might have been 
somewhat shorter. 


Case ut. (No. 5717.) Male, aged fifty. 

The patient, a farmer by occupation, was 
admitted to the out-patient department on 
October 9, 1922. Three weeks before admission, 
his right jaw had become swollen, tender and 
painful. A week after onset he had all his teeth 
extracted but the mass continued to enlarge 
and was incised several times by his physician 
without relief. When seen at this clinic the 
patient had two large fluctuant areas over the 
right jaw and two scars in the same region. On 
aspiration of pus typical actinomyces were 
found. He was given KI and on October 27, 
1922, received 1 E.D. (about 300 r, 100 kv.p., 
filter 1 mm. Al). When last seen on November 
10, 1922, the mass was greatly reduced in size 
and the patient’s condition had improved. 


Comment. The treatment in this case was 
inadequate and should have been started 
earlier. Follow-up is incomplete. 


Case iv. (No. 11641.) Male, aged twenty- 
seven. 

In February, 1931, the patient noticed a 
swelling of his right jaw and had a crown re 
moved from a tooth. The swelling grew larger 
and during the following month was incised 
three times without relief. When seen at this 
clinic on December 3, 1931, KI was given and 
the patient received 300 r(200 kv.p., filter 0.5 
mm. Cu plus 4 mm. celluloid). This was re- 
peated on the following day. When seen again 
on January 21, 1932, the lesion had improved 
considerably and the above treatment was re- 
peated. When last heard from on May 13, 1932, 
the lesion had healed without any sign of re- 
currence. 


Comment. The follow-up in this case is 
incomplete. The progress of the case while 
under observation was satisfactory. 
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Case v. (No. 7597.) Male, aged twenty-six. 


Six months before admission on November 
21, 1925, the patient noticed a slight swelling 
on his right jaw. This rapidly grew larger and 
became hard and painful. It was incised by his 
physician but did not subside. When seen at 
this clinic actinomyces were found in the pus 
discharging from a sinus. KI was prescribed 
and the patient was given about 100 r (13 
kv.p., filter 3 mm. Al plus 4 mm. celluloid) at 
weekly intervals for three weeks. A month later 
the induration had practically disappeared and 
on February 20, 1926, he was given 150 r. Im- 
provement continued. On May 1, 1926, and on 
May 18, he received about 60 r but still showed 
some evidence of inflammation. When last seen 
on January 21, 1927, the patient had a small per- 
sistent sinus. Improved. 


Comment. The dose given in this case 
was also inadequate, in the light of our 
present conceptions. The follow-up is in 
complete. 


Case vi. (No. 12676.) Female, aged nineteen. 

Early in January, 1933, the patient noticed 
a swelling of the right side of the lower jaw 
which prevented her opening her mouth. Hot 
fomentations were applied without relief. 
About the middle of February the two lower 
right molars were extracted and a small fistu 
lous opening was found inside the mouth near 
the angle of the jaw. A few days later the out 
side of the swelling was incised and a consider 
able amount of pus discharged. A second in 
cision was made two weeks later. The lesion 
was suspected of being actinomycotic and on 
kv.p., 
filter o.§ mm. Al plus 4 mm. celluloid) and 
250 r on the following day. A reaction ensued 
and a few days later three small abscesses were 


March 22 she was given 370 r (200 


opened. Microscopic examination showed typi 
cal actinomyces. On April 18, 1933, a roentgeno 
gram showed involvement of the inner border 
of the ramus of the mandible. A week later an 
incision was made along the zygomatic arch 
and a considerable amount of pus drained away. 
A week later an abscess on the forehead was 
opened with the same result. On May 11, the 
patient was given 360 r and again on the follow- 
ing day. When seen again on June 8, 1933, the 
wounds had almost healed and there was prac 
tically no discharge. The treatment was re 
peated. At present this patient is doing very 
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well and all signs of induration and inflamma- 
tion are gone. 


Comment. This case demonstrates the 
possibility of a severe reaction after the 
first roentgen treatment. It also shows the 
importance of using fields of ample size. 
The field for the first treatment was 10 
x10 cm. All subsequent treatments were 
given through a 15X15 cm. field. The re- 
sult so far is satisfactory. 


Case vit. (No. 5749.) Male, aged twenty- 
eight. 
Five weeks prior to admission to the out- 


patient department on November 1, 1922, the 
patient noticed a mass at the angle of the left 
jaw. The mass rapidly increased in size and an 
abscess formed which broke down leaving a 
fistula. KI was prescribed and he was given 
about 300 r (100 kv.p., filter 1 mm. Al) at inter- 
vals of a month for three months. A month 
after the last treatment the lesion had healed 
and there was only a slight infiltration. He was 
discharged on April 13, 1923, as cured. When 
last heard from on June 7, 1933, there had been 
no recurrence. 


Comment. The result in this case was 
satisfactory. 


Case vit. (No. 9370.) Male, aged seventy- 
three. 

The patient was admitted to the hospital 
on July 5, 1928. Nine months before he noticed 
a mass just to the right of the lower end of the 
sternum. The mass enlarged and broke down 
leaving multiple Roentgenograms 
showed a homogeneous density of the right 
lower lobe and limitation of motion of the 
right diaphragm. He had a productive cough 
and blood-streaked sputum. On July 14, 1928 
and on the following day he was given about 
275 r (200 kv.p., filter o.5 mm. Cu plus 4 mm. 
celluloid) anteriorly and posteriorly through a 
20X20 cm. field. When seen a month later he 
had improved somewhat and on this occasion 


sinuses. 


actinomyces were found in the pus. He was 
then given about 550 r anteriorly, laterally and 
posteriorly. When seen again at the end of an- 
other month improvement had continued and 
the last treatment was repeated. Two months 
later he had gained weight and his cough had 
stopped. He was then given about 275 r anter! 
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orly on each of three successive days. Two 
months after the last treatment the sinuses had 
stopped draining, and he was given two doses of 
about 275 r. The patient did not return. A let- 
ter from a relative stated that the patient died 
“in the course of the disease” in May, 1930. 


Comment. The actual cause of the pa- 
tient’s death is not known to us. While 
under our observation his progress was fair 
but in the light of our present knowledge 
the doses and the size of the irradiated 
areas should have been larger. 


Case 1x. (No. 6489.) Male, aged thirty-one. 

In April, 1923, the patient was operated on 
for appendicitis. The wound continued to drain 
and an abscess formed which was incised during 
July of the same year. A short time later a 
second abscess formed which was also incised 
and was found to involve the entire right iliac 
fossa. In October a third abscess extending to 
the liver was opened and actinomyces were 
found. On February 27, 1924, the patient was 
given about 350 r (200 kv.p., filter o.5 mm. Cu 
plus 4 mm. celluloid), through a 20X20 cm. 
field and 175 r on the following day. He grew 
rapidly worse and died shortly thereafter. 


Comment. The poor condition of the 
patient when treatment was started pre- 
cluded the use of large doses of roentgen 
rays. The effect of large doses in a case as 
advanced as this is highly problematical. 


E. Gerard Smith 
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CONCLUSIONS 

1. Roentgen treatment is a distinct ad- 
vance in the therapy of actinomycosis. 

2. lodides may be used in conjunction 
with roentgen therapy. While most authors 
do not believe that iodides hasten recovery 
when roentgen therapy is used, they may 
still be of some help since cures have been 
attributed to their use. 

3. Most authors believe that surgery 
should not be employed except to provide 
The fields should be quite large since most 
actinomycotic lesions are of the burrowing 
type. A superimposed reaction of an in- 
Hammatory type may result, but as a rule 
this subsides in a short time. 
drainage, if this is not already established, 
and to aid in diagnosis. 

4. It is possible that deep roentgen thera- 
py will better the prognosis in cases of deep- 
seated abdominal and thoracic lesions. 

5. The dose given should be as large as 
possible without danger of permanent 
damage to the skin. The latter may be dis- 
regarded to some extent in older people 
and larger doses given. The optimum dose 
is 800 r of deep therapy (1 E.D.) generated 
at 200 kv. peak, using a filter of 0.5 mm. 
Cu plus 4 mm. of celluloid, or the equiv- 
alent in some other filter. This dose should 
be given at intervals of one to two weeks 
through as many fields as are necessary. 
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RADIUM SALTS AND EMANATION* 


By FREDERICK B, FLINN 
DeLamar Institute of Public Health, Columbia University 
NEW YORK CITY 


HE destructive action of radioactive 

salts on tissue, whether ingested peros, 
inhaled in the form of dust, injected intra- 
venously or subcutaneously, is now well 
established. The action is physical rather 
than chemical, and the disintegration rate 
being unaffected by temperature or pres- 
sure and knowing where the salts are de- 
posited, one can predict with some assur- 
ance where to look for damaged tissue. 
The salts, because of their relationship to 
the alkaline earths, regardless of how in- 
gested,are deposited mainly inthe skeleton. 
Smaller amounts—traces—are found in 
other tissues, especially the liver, kidneys 
and lungs. The greatest destructive action 
is on the bone cells which, as the case 
progresses, are killed, and if infection were 
avoided and the bone marrow not acted 
on because of its proximity to the bone, 
the entire skeleton would become a mass 
of dead tissue, which would gradually be 
absorbed. This is indicated in the roent- 
genograms taken at different periods dur- 
ing the progress of the disease. A biopsy 
specimen removed in the case of nonunion 
after four years of a spontaneous fracture 
of the femur showed on gross examination 
that one surface was covered with fibrous 
tissue. Opposite this was some of the yellow 
marrow, and slanting across from one sur- 
face almost to the other was a slit-like 
separation. The microscopic examination 
showed that the slit-like area was lined 
with a dense and relatively avascular 
fibrous tissue. This rested upon very dense 
bone which showed little tendency to form 
new bone where the fibrous tissue joined 
it. There was little or no evidence of bone 
necrosis. The tissue in the marrow spaces 
seemed to be well vascularized, and aside 
from an increase in fibroblasts showed little 
change. Other sections taken at autopsy of 


rarefaction in the skull showed the area 
to be filled by a rather compact replace- 
ment connective tissue, containing many 
delicate fibers, but very few nuclei. About 
the periphery of the area, within the con- 
nective tissue a few bone spicules were 
seen. The margin of the intact bone where 
it bordered on the area of replacement con- 
nective tissue appeared irregular and 
ragged. In spite of the irregularity the line 
of demarcation was sharp between normal 
appearing bone and replacement connec- 
tive tissue. There was no evidence of an 
exudative or cellular inflammatory re- 
action. The impression was that an agent 
locally situated was capable of slowly melt- 
ing away the bone tissue that surrounded 
it, with gradual enlargement of a roughly 
circular area of bone destruction with re- 


placement by fibrous tissue. Evidence of 


fractured ribs, union taking place in some, 
is noted in some cases. At necropsy both 
in humans and in animals the bone is very 
brittle, and in the case of animals it is 
often difficult to remove the ribs without 
fracturing them. Roentgenograms,as a rule, 
do not reveal the true bone condition until 
the absorption process has _ progressed 
somewhat. 

There are apparently two types of stimu- 
lation present. For a very short period one 
may find evidence of a stimulation such 
as is suggested by the polycythemia pres- 
ent, followed by a destructive action. We 
have seen this same type of stimulation in 
our tissue culture work. This stimulation 
might be explained by the over response 
of the organism to a destructive action. 
The other type of stimulation appears 
where the quantity of radioactive material 
is relatively small and again stops when a 
lower limit is reached. Whenever I have 
seen evidence of this second type of stimu- 


* Part of the expenses of this work was paid by the Josiah Macy Foundation. 
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lation in the roentgenograms, the attending 
physician has been warned that there is a 
possibility that a tumor might develop and 
in each case so far the prognosis has been 
correct. Whether the effects seen in the 
roentgenograms are those of true stimula- 
tion is perhaps as yet undetermined. We 
expect shortly to publish a preliminary 
report on this stimulating effect as seen in 
our tissue culture work.* 

The main destructive action is due in 
all probability to the alpha particle as its 
ionization and photographic action is 10,000 
to 1,000 to I as compared to the action of 
the beta particle and gamma ray respec- 
tively. Because the penetrating action of 
the alpha particle is very slight the actual 
number of ions formed by the other two 
may be almost as great by the time they 
are stopped. We are referring to the num- 
ber formed per cubic millimeter. There are 
four products emitting alpha particles in 
the disintegration series from radium to 
radium C inclusive; 14.810! alpha parti- 
cles are given off by 1 gram of radium and 
the product radon, radium A, B and C 
commonly considered as being in equilib- 
rium with it. According to Swann and del 
Rosario’s' work the chance contact of a 
single alpha particle with the nucleus of 
the cell is sufficient to cause death. 

Thorotrast has been advocated by per- 
sons not familiar with the positive action 
of radioactive material to bring out more 
clearly the spleen and liver in roentgeno- 
grams. This compound is retained almost 
entirely by the liver and spleen and accord- 
ing to experimental data remains in the 
body more or less indefinitely. Thorotrast 
is an emulsion of thorium dioxide and can 
be shown to be radioactive by means of 
the gamma-ray instrument. The state of 
activity is not altered by being injected 
into the body which is easily demonstrated 
by electroscopic tests on animals which 
have been injected with this material 
several months previously. Because it is 
mainly retained in the liver and spleen, 


* Recent work indicates that there is no direct stimulation 
of tissue exposed to radium salts. 
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one would not expect to find bone changes 
taking place as in the case of soluble radium 
salts but in the organs of retention and 
blood, and it is here that it is found. It 
must be remembered in looking for dam- 
aged tissue that it is not a matter of days 
but of months and years, depending on the 
quantity present. The radioactivity in this 
case is small, around 0.2 of a microgram, 
but one is dealing with a radioactive sub- 
stance that gives off five alpha particles to 
the four of radium and these particles on 
the whole have a greater penetrating power 
than the alpha particle of radium. The 
radioactive material is retained in about 
1.5 kilograms of tissue which if distributed 
in the same ratio over the entire body of a 
70 kilogram man would be equivalent to 
9.4 micrograms of radioactivity. Also it 
should be recalled that we do not find any 
such concentration in the liver and spleen 
in our industrial cases as would be present 
in one of these organs of retention. We 
have found that 9.4 micrograms spread 
over the entire skeleton will produce ill 
effects after ten or fifteen years. 

The question is constantly being asked, 
what is the effect of the small amount of 
emanations which one may breathe in a 
radium laboratory or ingested through the 
drinking of radioactive waters either natu- 
rally or artificially activated? The danger 
from emanations in the radium laboratory 
is recognized and every effort made to 
overcome the hazard by proper ventilation. 
So far we are lacking any scientific evidence 
or any other evidence of deleterious effects 
from drinking these waters. There is evi- 
dence of red-cell fragmentation when a 
large amount of emanation is taken into 
the body. This effect is also observed when 
radium salts have been injected intrave- 
nously in comparatively large amounts. 
Colwell and Russ? have shown that the 
red cells of human blood are hemolyzed 
much more easily by the alpha rays than 
by the gamma and beta rays. No hemolysis 
was observed by them with the last two 
rays with quantities “very much larger 
than the ionizating effects of these rays 


would have indicated as being sufficiently 
large to produce hemolysis.”’ This observa- 
tion indicates that the red cell for some 
reason or other has an affinity for the alpha 
particle, an observation also suggested by 
the fact that the coefficient of absorption 
of these particles by the blood depends on 
the number of red cells present. If it were 
not that we are dealing with an inert gas 
which does not enter into any chemical 
combination we would think that the same 
reaction took place with the phosphate in 
the membrane of the cell as has been shown 
to be the case with lead. However, in the 
experiments of these investigators their 
citrated blood was exposed to 0.52 milli- 
curie per cubic centimeter and showed no 
hemolytic effect for six hours and this 
amount is far greater than would ever be 
present in the drinking waters. 

The development of lung carcinoma 
among the miners of Joachimstal and 


Schneeberg is suggestive of the action of 


the alpha particle on tissue. Unfortunately 


it has been impossible to get absolute proof 


that it is due entirely to the emanations 
which vary from 4 to 15 mache units per 
liter of air, and it has been as high as 52 
in some areas. The dust of the mines con- 
tains cobalt, nickel, arsenic, lead, and 


uranium, and some of these have been 


spoken of as being the etiological agents of 


cancer. We will discuss this phase of the 
problem later in this paper. 

One reason why ill effects from contin- 
ually ingesting activated waters may have 
remained undetected is due to the fact 
that we have had our minds occupied by 
the bone changes which have been associ- 
ated with radium poisoning cases among 
industrial workers. It is much the same 
situation as existed when we were looking 
for evidence of overexposure in the blood 
of these workers such as has been found to 
occur from an overexposure in the external 
use of roentgen and radium therapy. These 
blood changes do not appear in industrial 
workers until the disease has progressed 
toward the terminal end. The average phy- 
sician knows very little or nothing what- 
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ever about radium poisoning, and the 
effects noted might be assigned to other 
causes. As has been stated, if we know 
where radioactive deposits are located, we 
can predict with considerable certainty 
what organs will show lesions. It is my 
opinion, based on my own observations, 
that if we find any ill effect from ingestion 
of activated waters it will be discovered in 
the kidneys or bladder—possibly in the 
lungs. 

It is necessary to review rapidly some of 
the facts concerning radioactive materials 
in order that one may understand this 
problem of emanations and its action on 
tissue. According to Rutherford and others’ 
a radioactive substance is constantly un- 
dergoing a spontaneous disintegration giv- 
ing rise to the formation of a new atom 
distinct in physical and chemical properties 
from its parent substance. Radium only 
emits alpha particles to form a new atom 
called radon, an inert gas obeying all gas 
laws. The alpha particles, however, are re- 
tained to a large extent by the parent 
radium in equilibrium, the number of 
escaping particles depending on the form 
in which radium is present. In the case of 
radium sulphate only 5 per cent escapes 
while 1 in the carbonate welts approximately 

5 per cent is liberated. To get the maxi- 
mum amount of emanation radium chloride 
in solution is used. These alpha particles 
in the form of a gas called radon or 
emanation reach equilibrium with the 
parent radium and in turn arrive at an 
equilibrium with its own disintegration 
products in about forty days. The dis- 
integration products of emanation A, B 
and C are spoken of as active deposits 
of quick change inasmuch as they come 
into existence and disappear in a little 
over four hours if no emanation is present. 

Radium B and C emit beta and gamma 
rays and radium C alpha particles in ad- 
dition. Because of the retention of ema- 
nation by the parent substance these dis- 
integration products give rise to the beta 
and gamma rays which we so commonly 
associate with radium. If radium is heated 
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high enough it loses its activity because of 
the expulsion of the radon and does not 
reach its full radiation power until it is 
again in equilibrium with radon and its 
disintegration products. 

Radon is the only gaseous product in the 
disintegration series ending in inactive 
lead. From radium A down we are dealing 
with solid substances so that any action 
is local and effects are not produced over 
the entire system as is the case with radium 
itself. Radon expelled by the radium de- 
posit is carried all over the body in the 
blood stream, is absorbed by body fluids 
and is eliminated mainly through the lungs. 
However, new emanations are constantly 
being formed and the body is kept more or 
less in equilibrium with its radium deposits. 
In other words, the entire body is constant- 
ly being bathed with radioactive material. 

The solubility of emanation in blood 
serum is a coefficient of 0.168 at 37° C., 
which is slightly higher than distilled wa- 
ter. And for red corpuscles 0.298 in a phys- 
iological saline solution. The coefficient of 
circulating blood is somewhere between 
0.29 and 0.32, depending on the number 
of red cells present. The presence of lipoids 
influences its solution in body fluids. One 
of the most interesting properties of radon 
is that it creates an induced radioactivity 
by attaching itself to bodies present. This 
induced radioactivity is temporary and is 
tied up with the products of decomposition 
of radon on the exposed surface. One ex- 
planation of why we have had so many 
cases of jaw necrosis among our industria! 
cases in addition to that of bacterial in- 
vasion and their action on devitalized bone 
is that one means of elimination is through 
the salivary glands and also, as in the case 
of lead, we may get some concentration 
around the gums. The great activity of 
the saliva escaped me until recently when 
I was conducting some tests. 

To determine what effects radioactive 
waters may have on the body one must 
first find out how long the tissues were ex- 
posed to the emanations. For this purpose 
J made use of an apparatus which was so 
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designed that there was no possibility of 
any soluble radium salts coming in contact 
with the water. The instrument is capable 
of delivering 10,000 mache units per liter 
per day. For my observations I drank 200 
c.c. of activated water containing 13,000 
mache units per liter. The average results 
of the tests on my expired air taken half 
an hour after drinking the water showed 
that 90 per cent of the emanations had 
disappeared and over 98 per cent in an 
hour and a half after drinking the water. 
At the end of five hours one could not 
obtain any indication of any radioactivity 
by means of the alpha-ray instrument. The 
rate of elimination will vary according to 
the activity of the subject and the depth 
of breathing. One can safely say from my 
own, as well as the observations of others, 
that the emanations will disappear from 
the expired air within three or four hours 
after the water has been drunk. These ob- 
servations indicate that the chance of any 
large amounts of active deposits being 
formed in the body is very slight. Again 
radium B and C, being isotropes of bismuth 
and lead respectively, behave chemically 
as these metals do and a large percentage 
of these deposits formed in the tissues 
would be eliminated in the same manner 
as they are. What appears to me to be the 
hazard from this type of exposure lies in 
the statement that the urine still remains 
active the next morning. Sonntag‘ reports 
that a colleague of his who took the cure 
at Spa Bramback was able to detect radio- 
activity in the urine fourteen days after 
his return home. I cannot bring my ob- 
servations into agreement with this state- 
ment as my own findings on the urine of 
persons who had taken 10,000 mache units 
daily for over a year, but who had stopped 
drinking the water four days before the 
examination, were negative. The urines of 
18 persons were examined. However, we 
have retained these specimens of urine 
which have since been evaporated to dry- 
ness with the purpose of again examining 
them after a year to see if there is any 
evidence of the presence of the long life 
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deposit radium D with its disintegration 
products.* The urine of our industrial ra- 
dium poisoning cases shows considerable 
radioactivity in the alpha-ray instrument 
after evaporation but this disappears in a 
few hours, and is due to the active deposits 
of quick change A, B and C. After this 
time the activity is extremely small and is 
very difficult to determine and is due to 
the excretion of radium salts. 

It is generally agreed that about 1 per 
cent of the emanations in the ingested 
waters decays in the body and is not 
eliminated by means of the lungs. This 
means that the active deposits of quick 
change will have been succeeded by the 
deposit of long life radium D whose half 
period is estimated at twenty-five years. 
According to tables on radioactivity by 
Meyers and Schweidler, radium D will 
come into equilibrium with radium E in 
fifty days and with radium F in 800 days. 
By a daily intake of 10,000 mache units 
per day the body might contain at the end 
of a year, not allowing for excretion of 
these salts, 8.14 X 10-12 grams radium D; 
6.72X 10-15 grams radium FE; 10-13 
grams radium F. These figures are entirely 
theoretical and no one is yet in position 
to say how much of the long life product 
will remain in the body after drinking a 
known strength of activated water over a 
definite period of time. While studying the 
problem of activated waters I examined 
18 persons who had been drinking 10,000 
mache units daily for over a year. They 
were instructed not to drink any of the 
water for four days previous to exami- 
nation. The usual tests with the gamma- 
ray instrument and on the expired air were 
made and in addition a sample of urine 
was examined. The results were all nega- 
tive but this is not surprising when we con- 
sider the type of deposits which would be 
present in the body. Radium D, radioactive 
lead only gives off a very soft beta ray with 
very slight penetrative power, and E a 
beta ray, F (polonium) an alpha particle. 


ests now made show presence of polonium in these 
samples. 
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Radium D and E also give off a gamma ray 
which would be hard to detect because the 
quantity present would be so small. This 
makes it evident that we must use some 
other methods for detecting radioactivity 
of the body in making a study of this prob- 
lem. Work by Lattés and Lacassagne® show 
that radium E and F are eliminated slowly 
through the kidney so that the quantities 
given are maximum. 

It has been found that when radium E 
is injected into an animal the kidneys and 
spleen retain the largest quantity of active 
material and after these organs, the liver. 
This results in blood changes and nephritis. 
The largest amount of radium F is found 
in the villosities of the placenta, cortex of 
the kidney and spleen. There is also an 
appreciable quantity in the liver and lungs, 
with only traces in the bones. There is no 
explanation offered as to why these com- 
pounds are located in the interior of each 
of these organs except that they are the 
organs which are concerned with the re- 
moval of foreign substances from the blood. 
Chronic nephritis results from the ingestion 
of small doses of polonium. Because of the 
results above noted one would feel that 
the continual drinking of activated waters 
might produce ill effects. Because the 
amounts are very small the patient may 
live many years, and nephritis being one 
of the diseases commonly reported in per- 
sons of middle age, the cause might easily 
escape the attention of the attending doc- 
tor. It has been my observation that per- 
sons resorting to this remedy are usually 
middle aged. Certainly persons suffering 
from kidney or bladder trouble should not 
be exposed to this treatment. Just what 
the hazard is in drinking these waters is 
difficult to tell and will require careful case 
histories and autopsies with the above 
knowledge in mind. At this time no one is 
qualified to say. 

The apparatus used for activating waters 
in this country are put on the market by 
persons who are, as a rule, ignorant of the 
subject of radioactivity and who quote 
phrases from the literature to hide this 
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ignorance. Many times they have taken 
sentences from articles on this subject and 
used them in such a way as to give an 
impression which the author had never 
intended. The instructions are usually giv- 
en to drink the water freely, not only by 
the person who is supposed to need it, but 
each and every member of the family. The 
number of diseases it is supposed to help, 
to say nothing of rejuvenating, is appalling. 
Their literature shows also a woeful ig- 
norance of the manner of treatment which 
is carried out in Europe. There I found 
that the clinics and hospitals using this 
method of treatment give the entire quanti- 
ty of emanation in about 4 ounces of water 
a day. The treatment is kept up from six 
to eight weeks and then stopped for four 
to six months, a procedure which is insisted 
upon as being necessary to get the best 
results; whether the treatment is renewed 
or not depends’upon the symptoms. They 
do not claim to cure the whole list of com- 
plaints, but do find that it is most useful 
in rheumatic conditions, gout and certain 
nervous complaints. This method removes 
the argument that the good results claimed 
for this treatment are due to the quantity 
of water drunk. 

The feeling is universal in the countries 
which I visited that activated waters 
should only be dispensed under the guid- 
ance of a physician. “The German Bal- 
neology Society deemed it its duty, es- 
pecially in view of the exceedingly pro- 
nounced activity of quacks in the domain 
of radium therapy to draw attention to 
what physicians who are scientifically and 
clinically engaged in radium treatments 
have repeatedly pointed out: that Radium 
is a strongly effective remedy which should 
be prescribed only by a physician, and 
when taking these cures in places away 
from radioactive spas, the water should 
be dispensed only by apothecaries. In this 
way injuries would be positively avoided.’” 
I believe it would be well to add to this 
statement that only physicians who have 
made a study of radium and have been 
especially trained in that science should 
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use it. It is also my firm feeling that a bill 
should be passed in Congress, if possible, 
forbidding the sale of any radium appara- 
tus or preparation except on the prescrip- 
tion of a qualified physician. The chance 
of any ill effects would be very much re- 
duced if the treatments were carried on as 
in Europe. It is one thing to take a cure 
for from six to eight weeks, and another 
to continually drink such waters over a 
period of years. I am not concerned with 
the therapeutic value of these treatments. 

Attempts have been made to answer the 
problem of activated waters by referring 
to the cases of lung carcinomas occurring 
among the miners of uranium ores. The 
problem of these miners is somewhat differ- 
ent in its aspects and is further complicated 
by the presence of mineral dusts already 
mentioned as well as the humidity and 
temperature resulting in respiratory con- 
ditions. These miners work seven hours a 
day in an atmosphere containing on the 
average about 10 mache units per liter of 
air. A man working in this type of oper- 
ation will breathe approximately then 26 
to 43 litersof air per minute. Experiments 
indicate that the blood will arrive at 
equilibrium in about half an hour and is 
reduced to 10 per cent at the end of an 
hour after being removed from the ex- 
posure. Beutel and Woldrich’ report that 
in their case of a miner from Joachimstal 
the expired air contained 0.04 mache units 
per liter and the blood below 5 mache units. 
Unfortunately no electroscopic tests were 
made of the whole body, nor are we in- 
formed of the radioactive contents of 
various organs at autopsy if one was made. 
These data are absent in all cases reported 
so far except in the lung tissue. The report 
on the lung tissue in the other cases shows 
no activity and the absence of all minerals 
present in the dust of the mines. If the 
man were absent from work for some time 
this would not be surprising as all of these 
minerals are soluble in the body fluids and 
would soon disappear from the lungs. Not 
having all the facts at hand it is hard to 
say, but one would suspect that radioactive 
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dust had been deposited in the body of the 
case reported by Beutel and Woldrich. 
There are about ¢ liters of blood in the 
human body and the lungs will contain 
3.5 liters of air under normal conditions. 
This means that when the body comes to 
equilibrium with the atmosphere of the 
mines the lungs will contain 35 mache 
units, the blood s0 and, allowing for the 
water content, the rest of the body 220 
mache units; 5.12 per cent of the radon 
decays in seven hours. It must also be 
remembered that the 35 mache units in 
the lungs are disintegrating at the same 
rate and the products of decay are at least 
temporarily being retained in the lung 
tissue. While one exposure may not amount 
to anything the daily exposure for 300 days 
a year over a period of thirteen to twenty- 
three years might easily produce irritating 
effects that may result in carcinoma. 
The previous work by Lacassagne and 
his coworkers*® has shown that even when 
radium E and F are injected part of the 
elimination takes place by means of the 
lungs, and in their work the lungs were 
found to be radioactive at the death of 
the animals. Another interesting point 
brought out by their work was the fact 
that when a combination of radium E and 
bismuth was injected the rate of elimi- 
nation is slower than when radium E is 
injected alone. Italian workers’ have shown 
that cobalt activated by emanations is 
more toxic to animals than cobalt alone. 
The presence of the emanations appears to 
assist in the absorption of metals by hasten- 
ing their solution; that when animals 
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breathing emanations are injected intra- 
venously with cobalt, cobalt is fixed in 
small quantities in the lung protein. Cobalt 
and bismuth, as well as other metals, are 
present in the mine dust. 

We have long known that alpha particles 
are irritating to the skin and if exposure is 
kept up for a long enough time may pro- 
duce a keratosis. In all my work I have 
observed that it is a matter of quantity 
times time to produce any effect. If the 
quantity is small it may be a matter of 
years and not months before the pathologic 
condition arises. It may be with ema- 
nations as with carbon monoxide, the body 
is never entirely free from it when exposed 
daily to small amounts. To determine what 
effect emanations might have on lung tis- 
sue we confined 14 guinea pigs in a glass 
enclosure provided with ventilation, con- 
tinuously for nine months. The air of the 
enclosure contained 3,500 mache units per 
cubic foot. Three of the animals died early 
in the experiment and at the autopsy 
showed no pathologic lung condition. The 
other 11 were killed at the end of nine 
months. The lungs showed no indication 
of pneumonia or tuberculosis but showed 
an irritated condition in every animal re- 
sembling somewhat an asthmatic lung. | 
feel from the facts stated that emanations 
may well be an etiological agent causing 
carcinoma of the lungs. 

However, I am inclined to consider that 
the exposure from drinking activated wa- 
ters is somewhat different and the ill effects, 
if any, will appear in the kidneys rather 
than in the lungs. 
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TRIANGULAR BASAL SHADOWS IN ROENTGENO- 
GRAMS OF THE CHEST 


RONCHIECTASIS is a more common 
lesion than autopsy reports would 
seem to indicate. Only about 2 to 4 per 
cent of the autopsies reported from hos- 
pitals call attention to the presence of bron- 
chiectasis, but there is increasing evidence 
that it is much more prevalent than this. 
The modern methods of diagnosis, such as 
the use of the roentgen ray in chest ex- 
aminations and the introduction of iodized 
oil into the bronchi, have drawn attention 
to the widespread prevalence of this dis- 
ease. Singer and Graham! were the first in 
this country to recognize the importance 
of the so-called triangular shadows that 
occur at the bases of the lung as a sign of 
atelectasis and bronchiectasis of the lower 
lobe. Their observations were verified dur- 
ing the surgical treatment of their cases 
but were not studied by means of opaque 
substances prior to operation. They called 
attention to the extensive use of lipiodol in 
France and in South America at that time 
but they felt that the use of foreign sub- 
stances in the lung was not wholly neces- 
sary to make a diagnosis and that it had 
other drawbacks such as blocking the 
smaller bronchi. Richards,” in a very com- 
prehensive paper read at the Thirty-third 
Annual meeting of the American Roentgen 
Ray Society, again drew attention to the 
importance of these triangular basal sha- 
dows in roentgenograms of the chest, and 
in an analysis of 2,000 routine chest ex- 
aminations he encountered this condi- 
tion ten times. The term triangular basal 
1 Singer, J. J., and Graham, E. A. Roentgen-ray study of 
bronchiectasis. AM. J. Roentcenot. & Rap. THERAPY, 1926, 

15, 54-58. 
* Richards, G. E, The interpretation of the triangular basal 


shadows in roentgenograms of the chest. AM. J. RoENTGENOL. 
& Rap. THERAPY, 1933, 70, 289-295. 


shadows is, Richards says, a fairly ac- 
curate description, since the areas of in- 
creased density are usually more or less tri- 
angular in outline, occupying the angle 
formed by the heart and the diaphragm on 
either side of the vertebral shadows. The 
outer border of the areas is a straight or 
slightly curved line extending outwards or 
downward toward the diaphragm, thus 
completing the triangle. Modifications of 
this general descriptive term are occasion- 
ally seen. The shadow may be somewhat 
difficult of demonstration because it is 
situated behind the heart shadow to a cer- 
tain extent. Following the injection of 
lipiodol into the lower main bronchi, it was 
at once observed that this entire area, 
namely, the triangular basal shadow area, 
was composed of atelectatic lung contain- 
ing numerous bronchiectatic cavities. All of 
thecasesreported by Richards werein adults. 

It remained for Anspach,’ who made 
a careful study of the triangular basal 
shadows in infants, to bring out the true 
nature of the shadow and to demonstrate 
the successive steps in the production of 
the common form of bronchiectasis in chil- 
dren, and to show the benefit of certain 
prophylactic procedures when started early 
and continued for a long time. He calls at- 
tention to the fact that clinical and ne- 
cropsy observations in relatively advanced 
cases have been the basis for many theories 
regarding the development of bronchiecta- 
sis but that little has been known about its 
pathogenesis. No pre-bronchiectatic con- 
ditions had been recognized until his re- 
port and no serial biopsies had _ been 

* Anspach, W. E. Atelectasis and bronchiectasis in children; 


a study of fifty cases presenting a triangular shadow at the base 
of the lung. 4m. F. Dis. Child., May, 1934, 47, 1011-1050. 
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recorded to show the changes from one 
period to another. These triangular basal 
pulmonary shadows that occur in children 
are an exact counterpart of those seen and 
reported in adult cases, namely, the mesial 
border, or altitude, and the inferior border, 
or base, in the order named, are indistin- 
guishable from the shadows of the spine 
and leaf of the diaphragm. The well-de- 
fined lateral border, or hypotenuse, of the 
triangle extends from the hilus to a variable 
point on the diaphragm. The mesial por- 
tion of the shadow is partly obscured by 
the cardiac shadow because the heart, dia- 
phragm and other adjacent structures are 
drawn toward the involved side. In lateral 
roentgenograms this density is seen as an 
isosceles triangle with its apex at the hilus 
and its base on the diaphragm. Anspach’s 
explanation of these triangular densities 
differs somewhat from that of the previ- 
ously published reports. An outstanding 
feature in the history in the majority of 
Anspach’s cases was that of an acute pul- 
monary process at the onset, with elevation 
of temperature which was frequently pre- 
ceded by a chill. The physical findings ap- 
proached those of a lobar pneumonia. 
There was usually an early decrease of 
breath sounds near the base of the in- 
volved side. Moist rales were frequently 
heard. By the end of forty-eight hours the 
temperature usually dropped, often sud- 
denly, and from that time on was usually 
elevated no more than one degree. It was 
sometimes subnormal. There was a fre- 
quent hacking cough or practically no 
pulmonary symptoms for several weeks. 
Eventually the cough became moist and 
expectoration was more frequent, especially 
after a period of sleep. Roentgenograms 
of the chest, if made early, showed the 
triangular shadow to be present but no dila- 
tations of the bronchi were seen. Acute 
exacerbations of fever were common. At- 
tention is called to the fact that often pul- 
monary symptoms after the acute onset 
were so mild that they were overshadowed 
almost completely by an infection of the 
upper respiratory tract. Anspach made ob- 
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servations at different periods during the 
illness of his cases and he was able to study 
the character of the density of the triangle 
and to note the fact that this had a direct 
bearing on the rapidity with which bron- 
chiectasis developed. If the triangular 
shadow was small and of fluid-like density 
and remained so, bronchiectasis developed 
rapidly. If, on the other hand, the tri- 
angular basal shadow density disappeared 
and recurred at frequent intervals, dilata- 
tions of the bronchi did not develop or were 
very slight. If, however, the homogeneous 
density returned and remained unchanged 
at subsequent examinations, bronchiecta- 
sis developed. If a portion of the triangular 
density disappeared or if the triangle was 
small and dense at one examination and 
then larger and less dense at an early sub- 
sequent examination, bronchial dilata- 
tions did not occur or were almost negligi- 
ble in size even after the process had been 
present for years. These changes were inter- 
preted on the basis of obstruction or drain- 
age of the bronchi. If all of the medium- 
sized bronchi or the main bronchus to a 
lobe became occluded, the air distally be- 
came absorbed and collapse of the lobe 
occurred. If one or more bronchi were 
drained, air entered the lobule or lobules 
and that portion of the lobe was reinflated 
and appeared less dense on the roentgeno- 
gram. These changes form the basis on 
which roentgen interpretation of an indi- 
vidual stage must depend and which en- 
able one to estimate the success of treat- 
ment and to forecast to some degree the 
final result. 

With rare exceptions, atelectasis ac- 
counted for the small triangular area of 
density in young children in whom the deli- 
cate tissues and small caliber of the bronchi 
formed an ideal situation for an obstruc- 
tion by tenacious infected secretions. 

In an analysis of his cases, Anspach con- 
cluded that in all probability the bron- 
chiectasis of the lower lobe develops as fol- 
lows: “As the bronchi were filled with in- 
fected tenacious secretion, the air present 
distally was absorbed, and atelectasis re- 
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sulted. If all, or the greater portion of, the 
lobules of a lower lobe were collapsed, a 
more or less triangular shadow appeared on 
the roentgenogram. If complete collapse 
was maintained sufficiently long because of 
delayed drainage or because of a con- 
stant supply of thick secretion, pathologic 
changes occurred which weakened the 
bronchial walls. The pull of the inspiratory 
muscles immediately brought about an in- 
crease in the negative intrathoracic pres- 
sure over the normal because of the de- 
creased intrathoracic volume. This intra- 
pleural pull affected the bronchi of the in- 
volved lobe because they, through their 
‘semifluid’ filled lumens, were subject to 
the changes in pressure in the uninvolved 
portions of the bronchi and trachea and 
in the pleural space. This difference in pres- 
sure tended to bulge or stretch the bron- 
chial wall; the weakest portions subject to 
the greatest amount of damage (often ul- 
ceration) ultimately gave way. When the 
bronchi were dilated, because of their in- 
creased volume and the greater plasticity 
of thin-walled bronchi expiratory pressure 
at times was more effectively applied, and 
some evacuation of the fluid into the main 
air passages occurred. Air then more fre- 
quently entered the alveoli of individual 
lobules, gradually causing partial reexpan- 
sion with corresponding nullification of the 
abnormally increased intrapulmonary neg- 
ative pressure. This was a rapid or a slow 
process, probably depending to some ex- 
tent on the type of infection present, but 
mainly on the length of time complete col- 
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lapse existed. It developed more slowly in 
older subjects. When all these changes oc- 
curred, bronchiectasis existed as usually 
recognized clinically and _ roentgenologi- 
cally in older patients.” 

Krom a study of these triangular basal 
shadows in children and the striking simi- 
larity to those reported in the adult, 
Anspach has been led to suggest that atelec- 
tasis is probably a precursor of adult 
bronchiectasis in many cases. He also calls 
attention to the part that allergy might 
play in bringing about the initial obstruc- 
tion to the bronchi by producing a thick 
secretion or a slightly swollen lining mem- 
brane as observed at necropsy in some of 
his early cases. The importance of recog- 
nizing these triangular basal shadows not 
only during infancy and childhood but in 
adult life cannot be too strongly empha- 
sized. If the condition is recognized sufhi- 
ciently early in infancy and childhood it 
will save the patient a long drawn out ill- 
ness, and since the roentgenologist stands 
in a unique position to demonstrate these 
changes he should familiarize himself with 
the appearances of these triangular basal 
shadows as shown roentgenographically. It 
is important not only to make a thorough 
roentgen study of the chest but also to 
examine the paranasal sinuses, as has been 
emphasized by Manges and others. Bron- 
chiectasis is all too common and not infre- 
quently the roentgenologist unwittingly 
contributes to the prolongation of the dis- 
ease process by not recognizing these tri- 
angular basal shadows. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep Srares OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. E. P. Pendergrass, University Hospital, 
Philadelphia, Pa. 

Annual Meeting: Hotel William Penn, Pittsburgh, Pa., 
Sept. 25-28, 1934. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 S. Hope St., Los 
Angeles, Calif. 

Annual meeting: Cleveland, 1934. 

SecTION ON RaproLocy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. 

Annual meeting: Cleveland, Ohio, June 11-15, 1934. 

RADIOLOGICAL SociETY OF NorTH AMERICA 


Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syr- 
acuse, NY. 
Annual meeting: Memphis, Tenn., Dec. 3-7, 1934. 
RADIOLOGICAL SEcrION, BaALtimorE MEDICAL SOCIETY 
Secretary, Dr. W. B. Firor, 1100 N. Charles St., Baltimore. 
Meets third Tuesday each month, September to May. 
Secrron, Los ANGELES County MEDICAL 
SOCIETY 
Secretary, E. N. Liljedahl, Los Angeles, Calif. 
Meets on the third Wednesday of each month at the 
California Hospital. 
RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 


Secretary, Dr. F. B. Bogart, Medical Arts Bldg., Chat- 
tanooga, Tenn. 
Annual meeting: San Antonio, Texas, November, 1934. 


BrooKLyN ROENTGEN Ray Sociery 
Secretary, Dr. A. L. Voltz, 115 Myrtle Ave., Richmond 
Hill, N. 2 
Meets monthly on first Tuesday, October to April. 
BuFFALO RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph S 
Niagara St., Buffalo, N.Y. 
Meets second Monday of each month except during 
summer months, place of meeting selected by the host. 
CuIcaGo RoENnTGEN SociETY 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. 
Meets second Thursday of each month October to May 
inclusive at the Palmer House. 
CincinNATI RapDIoLocicaL Society 
Secretary, Dr. H. G. Reineke, General Hospital, Cincin- 
nati, Ohio. 


. Gian-Franceschi, 61 


Meets third Monday of each month, October to May, 


inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Otto Glasser, Cleveland Clinic. 
Meetings are held at 6:30 p.m. at the Cleveland Cham- 
ber of Commerce Club rooms on the fourth Monday of 
each month from October to April, inclusive. 

Detroit RoENTGEN Ray AnD RapiuM Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. 


Meets monthly on first Thursday from October to May, 


at Wayne Country Medical Society Building. 
FLoripA RADIOLOGICAL SOCIETY 


Secretary, Dr. W. McL. Shaw, 418 St. James Bldg., 


Jacksonville, Fla. 
Meetings held twice a year, Mav and November. 


RaDIoLocicaL Society 
Secretary, Dr. H. W. Grote, 219 N. Main St. 
ton, Ill. 

Regular meetings held quarterly. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 

Annual meeting each February 22 in Indianapolis. 

MicHIGAN ASssocIATION OF ROENTGENOLOGISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph’s Mercy 
Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. 

MILWAUKEE ROENTGEN Ray Soctety 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. 
Meets monthly. 
ident. 

RADIOLOGICAL 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. 

New ROENTGEN Ray Society 
Secretary, Dr. Thomas R. Healy, 370 Marlboro St., 
Boston, Mass. 

Meets monthly on third Friday, Boston Medical Library. 

New York RoENTGEN SOCIETY 
Secretary, Dr. C. W. Schwartz, 33 E. 68th St., New York. 
Meets monthly on third Monday, New York Academy 
of Medicine, at 8:30 P.M. 

Nortu Caro.inA RoENTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N.C. 
Annual meeting at time and place of State Medical So- 
ciety. Mid-year scientific meeting at place designated. 

Centra New York RoeEntTGEN Ray Society 
Secretary, Dr. F. C. Rulison, Medical Arts Bldg., Syra- 
cuse, N.Y. 

Three meetings a year—January, May, and November. 

Paciric ROENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St. 
cisco, Calif. 

Meets annually, during meeting of California Medical 
Association 

PENNSYLVANIA RADIOLOGICAL SociF Ty 
Secretary, Dr. W. E. Reiley, Clearfieid, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Thomas Loughery, Germantown Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.M.,in Thompson Hall, College of 
Physicians, 19 S. 22d St. 

RocHESTER RoENTGEN Ray Society, Rocuester, N.Y. 
Secretary, Dr. W. W. Fray, Strong Memorial Hospital. 
Meets monthly on second Thursday from October to 
May, inclusive, at 7:45 at the Rochester Medical Associa- 
Building. 

Lours RoENTGEN 
ane Dr. W. K. Mueller, University Club Bldg. 
Meets first week of each month. Time and place of meet- 
ings designated by president. 

Soutu Caro.ina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina St: ite Medical 
Association. 


, Blooming- 


Place of meeting designed by the pres- 


, San Fran- 


* Secretaries o1 Societies not here listed are requested to send the necessary information to the Editor. 
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TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg., 
Chattanooga, Tenn. 
Meets annually at the time and place of the Tennessee 
State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. J. H. Smith, Lubbock, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. Next Meeting. San 
Antonio, May 7, 1934. 

University or MicuiGAN DEPARTMENT OF ROENTGEN- 
oLtocy Starr MEETING. 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. 
Meets each Monday evening from September to June, 
at 7 P. M. at University Hospital. 

University or Wisconsin RoENTGEN CLuB 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Mad- 
ison, Wis. 
Meets monthly on last Thursday, October to April, Serv- 
ice Memorial Institute, at 4:30 P.M. 

VircintA RoENTGEN Ray Cius 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. 
Meets annually in October 

CuBa 

SocreDAD CuBANA DE RaADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Luis Farifias, Animas 110, Havana, Cuba. 
Meets monthly in Havana. 


British Empire 

British Instirure oF RapioLocy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 P.M., at 32 Welbeck 
St., London, W. 1., or as advertised. 

ELecrro-THERAPEUTIC SECTION OF THE RoyAaL Society 
or Mepicine (Conrinep To Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 1 
Wimpole St., London, W. 1. 

Section or RapioLtocy anp Mepicav Ececrriciry, Aus- 
TRALASIAN MEpIcAL 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MepIcAL AssociaTION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 
Meets monthly at Melbourne during the winter. 

Section on Rapio_ocy, CANADIAN MEDICAL AssociATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

InpIAN RADIOLOGICAL ASSOCIATION 
Secretary, Sd. Subodh Mitra, 148 Russa Rd., Calcutta. 
Meets annually in January, and at such places and times 
as the Council may appoint. 

RapioLocicaL Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 
church. Meets annually. 


ConTINENTAL Europe 
Society oF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Allies, 134, Louvain, 
(Belgian). 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summer time. 
Société pE RaprioLocie MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
SociETE Suisse DE RapioLocie (ScHWEIZERISCHE ROnt- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse, 


Biel. 
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Meets annually in different cities 

SociETE FRANGAISE D’ELECTROTHERAPIE ET DE RapIOL- 
MEDICALE 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 

ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11/52. 

DeutscHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annuaily in April in different German cities, at 
least once in five years in Berlin. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Dutcn Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Societa [raLiana Raprotocia MeEpica 
Secretary, Professor M. Ponzio,University of Turin, Turin. 

SociETATEA ROMANA DE si ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine 30, 
Bucharest, Rumania. 

Meets second Monday in every month with the excep 
tion of July and August. 

Aut-Russtan RoentGen Ray Association, LENINGRAD, 
USSR, in the State Institute of Roentgenology and Radi 
ology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po Society oF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. 

Meets annually. 

Warsaw Section, Society oF RapioLocy 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summer time. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medica! 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summer time. 

Society oF Mepicat Rapvio_ocy oF SWEDEN 
Meets in Stockholm. 

Society or Mepicat RapioLocy Norway 
Meets in Oslo. 

Society oF MepicaLt RapioLocy 1n DENMARK 
Secretary, Dr. H. Scheuermann, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the State 
Institute of Roentgenology. 

Society oF Mepicat Rapio.ocy IN FINLAND 
Meets in Helsingfors. 

ViENNA Society OF ROENTGENOLOGY 
Meets first Tuesday each month, October to July. 


ORIENT 
Japan X-Ray Association 
c/o Orthopedic Surgery, Tokyo Imperial University 
Meets annually in April. 
ROENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike, Kyoto, 
Japan. 
Meets bi-monthly on third Sunday. 


| 
| 
| 
| 
| 
| 


XXXI, No. 6 


MADRAS GOVERNMENT 
INSTITUTE OF 
RADIOLOGY 


One of the inexplicable signs of the times 
is the vast amount of space given over by 
the daily press to what many people con- 
sider inconsequentials; for instance, if a 
certain political propagandist chooses to 
change his seat from the shady side to the 
sunny side of the street and to drink goat’s 
milk this week and to refrain from drinking 
it next week, or if a certain premier chooses 
to announce that he will increase his land 
forces or his cruisers to a certain extent or 
that another will increase the fortifications 
along the boundaries, these happenings are 
heralded over the radio and in the news 
as matters of great moment. But happen- 
ings and incidences that are of far greater 
importance to the well-being of a country, 
such as the opening of an institute of ra- 
diology, must await the slower transport 
of ship and train. 

Such an announcement has recently been 
received of the opening of the Madras 
Government Institute of Radiology, Ma- 
dras, India. The Madras Government Gen- 
eral Hospital has existed since 1664 when 
the “Council at Fort St. George wrote to 
the Agent, Sir Edward Winter, ... that 
‘fresh souldiers which came forth this year, 
takeing up their habitation in the bleake 
winde in the hall, fell sick. Four of them 
are dead, about tenn remaine at this time 
very sick....Soe, rather than to see 
Englishmen dropp away like doggs in that 


Fic. 1. Government Institute of 
Radiology, Madras, India. 
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Fic. 2. Facade of the Government 
Institute of Radiology. 


Manner for want of Christian charity to- 
wards them, we have thought it very con- 
venient that they might have an house on 
purpose for them, and people appointed 
to looke after them and to see that nothing 
comes into them, neither of meat nor 
drinke, but what the Doctor alloweth.’ 
Thus started the first British Hospital in 
Madras. The house taken up was that of 
Andrew Cogan, who became the Com- 
pany’s Agent in 1639, and who, with Fran- 
cis Day, founded the Fort; the rent was two 
pagodas a month.” 

During these three centuries the Madras 
General Hospital has contributed to the 
welfare of the sick of India and each year 
throughout its long service it has seen the 
Hospital grow from a small institution to 
the present splendid position it holds in the 
medical world today. It is of particular im- 
portance to roentgenology that in the re- 
cent scheme for the enlargement of this in- 
stitution they made provision for an Insti- 
tute of Radiology. While we in this coun- 
try,are discussing the future of radiology, a 
few determined, far-sighted individuals in 
India have placed the future of radiology 
in that country on a solid basis as instanced 
by the Madras Institute of Radiology. The 
fulfillment of this dream can be attributed 
to Captain T. W. Barnard who is the head 
of the Institute, and the foreword to the 
brochure announcing the Madras _ Insti- 
tute of Radiology states, “Captain Bar- 
nard, as the first Director, is entitled to 
our best wishes for the success of his am- 
bitious experiment and the Madras Presi- 
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dency will be proud to be in the vanguard 
of radiological practice and research.” 

This new Institute of Radiology was 
opened on March 26 in the presence of His 
Excellency, the Governor of Madras and 
Lady Beatrix Stanley, and other distin- 
guished visitors. The accompanying illus- 
trations give some idea of the extent 
and scope of the buildings and the fol- 
lowing is a description of the Institute 
taken from The Hindu, Monday, March 
26, 1934. 


The new Radiological Institute when com- 
pletely equipped will, it is expected, to be the 
best of its kind in India and in the Fast. 

X-Ray and electric treatment apparatus has 
been in use in this Presidency for many years 
now, the first outfit for the General Hospital 
having been obtained in or about the year 1goo, 
within five years of the discovery of the ray. 
Since then the equipment in the hospital has 
made rapid progress and what was once a 
primitive type of apparatus run from a small 
battery of accumulators has now developed into 
one of the most up-to-date Radiological centres 
in the world, constructed at a cost of about Rs. 
8 lakhs. 

Since its inception, the Institute has gone 
through many changes. In 1g20, the Govern- 
ment appointed Capt. T. W. Barnard to or- 
ganise the Radiological Service which was to 
include the building of a teaching centre for 
South India. The attendance at the institute in 
1g20 was 3,465 and in two years it nearly quad- 
rupled itself and in 1933 it had advanced to 
75,780. The rapid increase in the number of 
patients treated has made the present building 
a necessity. 

The block of buildings in which the institute 
will be housed is a fine adjunct to the Hospital 
of two storeys and capable of further being 
built upon. The two blocks of the building are 
directly connected with the surgical block of the 
Hospital. On the ground floor are situated the 
Radio Transformer rooms, a large demonstra- 
tion hall and the museum, Radiographic and 
screening room for examining patients in, 
equipment of Dean’s apparatus, emergency X- 
Ray and dental X-Ray departments and the 
Radiographic department equipped with Vic- 
tor KX>5 apparatus and accessories. Between 
each pair of rooms is a large dark room with 
connecting revolving light proof cup-boards en- 
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abling the transfer of films from the X-Ray de- 
partment to the dark room. Accommodation is 
also provided on this floor for a bed-sitting 
room for patients during Barium Meal exami 
nations, a store room and a room for air-con 
ditioning. In another part of the ground-floor 
will be located the large remedial exercises and 
inassage hall, clinical photographic and electro 
cardiographic departments with necessary dark 
rooms, the X-Ray apparatus being controlled 
from the “‘operators’ corridor”’ outside. 

On the first floor is the hall providing accom- 
modation for electrical and heat treatments, 
for the Urological and Surgical Diathermy 
theatre, the high tension wire for the former 
being brought through the floor from the 
Radiographic department below. At the other 
end is located the Hydro-Therapy section. The 
Ultra Violet Radio centre, a Radium theatre, 
Radon laboratory and a Radium Safe Room 
are also accommodated on this floor. 

The X-Ray and Radium treatment rooms, it 
is stated, have been purposely built on the 
southern side facing the open military grounds 
and the Cooum to avoid possible radiation 
dangers to the other departments. Care has also 
been taken to afford protection to the walls by 
incorporation of Barium Sulphate in the build- 
ing bricks. Sample sections of the walls were 
tested in Madras and then forwarded to Lon 
don, where the National Physical Laboratory 
confirmed the results obtained here. 

The Institute, it is claimed, is well equipped 
for becoming an excellent training centre for 
South India, possibly for all India. In this con 
nection it is stated that the University of Ma- 
dras may grant Diplomas in Radiology in the 
near future. The authorities also hope that the 
Institute will become self-supporting from the 
fees which will be levied from all patients who 
could afford to pay. Details of syllabus and 
other arrangements for teaching are nearing 
completion and it is expected that examinations 
for diploma will be held from 1935. 


FOURTH INTERNATIONAL CON- 
GRESS OF RADIOLOGY 


Attention is again called to the fact that 
the Fourth International Congress of 
Radiology will be held at Zurich and St. 
Moritz, Switzerland, from July 24 to 31, 
1934, under the patronage of the President 
of the Swiss Confederation, Dr. Marcel 
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Pilet-Golaz. All ot the leading nations of 


the world will send delegations. There will 
be meetings in the University and the 
Federal Institute of Technology at Zurich 
from July 24 to 28. A delegates luncheon 
will be given on the opening day, with the 
Swiss Roentgen Society acting as host, 


also a reception and ball. A Festival of 


Swiss National Costumes is to be held in 
honor of the visitors on July 27. The trip 
to St. Moritz, which will provide much 
scenic entertainment, is scheduled for July 
28, on which day a reception will be ten- 
dered to the delegates by this famous Enga- 
dine resort. A final banquet will be held 
on the closing day. 


AMERICAN ROENTGEN 
SOCIETY 
ANNUAL MEETING 
The Thirty-fifth Annual Meeting of the 
American Roentgen Ray Society will be 
held at Pittsburgh, Pennsylvania, on Sep- 
tember 25 to 28, 1934. The scientific ses- 
sions will be held at the William Penn 
Hotel where adequate provision has also 
been made for the Scientific and Com- 
mercial Exhibits. Dr. G. W. Grier, the 
President-elect, who has charge of the pro- 
gram and arrangements for the meeting 


RAY 
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has an interesting program well under way, 
the preliminary report of which will be pub- 
lished in the August issue of the Journal. 
The railroads have granted a reduction in 
fares, a special notice of which will be found 
below. The Scientific Exhibit is in charge 
of a committee headed by Dr. B. R. Kirk- 
lin. The members of the Society who have 
interesting films to exhibit should immedi- 
ately communicate with Dr. Kirklin; for- 
tunately the space selected for these ex- 
hibits is ample to display them in the 
proper manner. As is usual at the meetings, 
the manufacturers will display their latest 
products, and all in all the Pittsburgh 
meeting is one that the members of the 
Society can ill afford to miss. 


REDUCED RAILROAD FARES 
TO THE MEETING 
The railroads have allowed the members 
of the American Roentgen Ray Society and 
their families attending the meeting in 
Pittsburgh a reduced fare of fare and one- 
third of the current one way first class 
fares on the certificate plan, provided 100 
or more certificates are presented. The cer- 
tificates are on sale September 1g to 25, 
1934, and the final honoring date is Octo- 
ber 2. Members attending the meeting are 
urged to secure these certificates. 


4 . i 


JUNE, 1934 


SUBJECT INDEX TO VOLUME XxxI 


(abs) =abstract (E.) =editorial 


ABDOMEN, study of hydro-aerial images of (abs), 415 
ABRODIL, used in pyelography (abs), 122; (abs), 123; 
(abs), 124 
Asscess, bone, unusual migration of, originating in 
vertebra (abs), 138 
lung, putrid, bronchopulmonary segment with 
special reference to, 328 
perigastric, complicating peptic ulcer, natho- 
genesis of (abs), 420 
subdiaphragmatic, 177 
ACETABULUM, intrapelvic protrusion of, 346 
AcID-BASE BALANCE in genital carcinoma in women 
(abs), 282 
ActiInomycosis, roentgen therapy of, 823 
AppIson’s DISEASE, calcification of suprarenal glands 
in (EF), 93 
roentgen examination, 394; (abs), 420 
Apenomas, basophil, of pituitary gland and their 
clinical manifestations (abs), 408 
ADRENALIN, liver retraction test with (abs), 417 
AINHUM, roentgen findings, 349 
ALVEOLI, inverse ratio in roentgen visualization of, 
after injection of contrast 
media, 323 
American Boarp or Rapio.oey, 258 
American or Rapio.ocy, relation of, to 
future of radiology, 164 
AMERICAN Rapivum Society, program of Nineteenth 
Annual Meeting, 684 
AMERICAN RoenTGEN Ray Society, annual meeting, 
845 
reduced railroad fares to, 845 
scientific exhibit, 395 
Anemia, erythroblastic (abs), 571 
racial and familial, of children (abs), 571 
ANGIOMAS, treatment by radium therapy (abs), 573 
Annals of Surgery celebrates Golden Jubilee, 262 
“ANNULAR SHADOWS,” significance of, in roentgeno- 
grams of chest (abs), 410 
ANTIPERISTALSIS of colon (abs), 118 
Aorta, coarctation of (abs), 558 
mesaortic descending, abnormal situation (abs), 
698 
right arching of (abs), 414 
APopPHYSES, persistent, of vertebral column (abs), 
702 
APPARATUS, advances in x-ray engineering with 
reference to high potentials (abs), 576 
device for taking pulmonary roentgenograms 
under control of heart beat (abs), 143 
focal spot camera, 399 
for measuring density of roentgen films, 550 
frame for holding infants upright during roent- 
genography, 396 
improved device for synchronizing roentgeno- 


graphic exposure with patient’s pulse, 104 
“‘light-pencil” for marking on roentgenographic 
and photographic emulsions, 554 
new aiming instrument to make focusing easier 
in gynecological deep irradiation (abs), 719 
new roentgenoscopic and roentgenographic grid 
(abs), 287 
overhead aerial high tension system, 690 
roentgen tube with internal radiation protection 
for 400 kv. operation voltage (abs), 577 
simple radium detector, 68g 
valve tube for 400 kv. tension (abs), 577 
wet-film viewing box, 398 


Appenpicitis, chronic, results and limitations of 


roentgen diagnosis (abs), 564 

chronic, roentgen examination of inferior quad 
rant (abs), 564 

chronic, solution of roentgen diagnostic prob 
lem in, 792 


ApPpENDIXx, pathological, 340 


roentgen study of active movements of (abs), 
118 


roentgen visualization of (abs), 573 


ARTERITIS, treatment by radiotherapy (abs), 431 


obliterans, treated by roentgen 


therapy of 
suprarenal region (abs), 576 


ARTHRITIS, certain cases of, associated with para 


thyroidism (abs), 708 

costovertebral (abs), 1.36 

relation of intestinal tract and diet to treat- 
ment of (abs), 137 

use of parathyroidectomy for (abs), 708 


AscaRIs, roentgen study of lungs of children with 


(abs), 412 


AsTHMA, roentgen therapy of pancreas in treatment 


of (abs), 576 


AsTRAGALUS, dislocation of (abs), 70g 


BackacHE, lumbosacral, and sciatic pain, oblique 
view for demonstration of articular facets 
in, 173 
BASEDOW’S DISEASE: See GOITER, EXOPHTHALMIC 
BaAsOPHILISM, pituitary (abs), 408 
BILHARZIASIS, urinary, roentgen manifestations, and 
calculous formations in Egypt, and _ in- 
travenous pyelography, 208 
BLapDER, closing mechanism of (abs), 120 
diverticulum of (abs), 122 
“BLEEDING NIPPLE,” new method of treatment by 
radium implantation, 819 
BLoop, alterations in pH of, in cancer following 
roentgen and gamma irradiation, 532 
changes in picture of, after deep roentgen ir- 
radiation, and their significance in prog- 
nosis (abs), 579 
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corpuscles, red, sedimentation reaction of, im 
mediately before and after roentgen irradi 
ation (abs), 281 
diseases of, roentgen therapy (abs), 141 
diseases of, severe, effect of very small and larger 
doses of roentgen rays in (abs), 276 
disturbances in circulation of, radium irradia 
tion of blood vessels in (abs), 277 
vessels, radium irradiation of, in circulatory dis- 
turbances (abs), 277 
Bone, and joint changes in hemophilia, 487 
marrow, action of roentgen rays on (abs), 144 
marrow, histological studies of, in rabbits fol 
lowing intravenous injection of thorium 
dioxide, 512 
tuberculosis, two peculiar cases of (abs), 135 
Bones, and ligaments, massive fluorosis of (abs), 125 
changes in, in hemangiosarcoma of spleen (abs), 


134 
long, non-rachitic cupping of, in new-born 
(abs), 136 
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BorRDERLINE RAYS in ophthalmology (abs), 573 

BorDIER METHOD in treatment of acute anterior 
poliomyelitis (abs), $75 

BRAIN, meningeal fibroblastomas on under surface 
of temporal lobe and their surgical treat 
ment (abs), 695 
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Breast, advanced cancer, radiotherapy and surgery 
(abs), 280 
cancer, prophylactic irradiation (abs), 575 
carcinoma, roentgen irradiation in treatment of, 
46 
new method for.treatment of “bleeding nipple” 
by radium implantation, 819 
BRONCHI, inverse ratio in roentgen visualization of, 
after injection of contrast media, 323 
BRONCHOGRAPHY, an essential and safe adjunct in 
study of pulmonary tuberculosis, 301 
in amplification of roentgen film of chronic pul- 
monary tuberculosis, 289 
in relation to pathology of pulmonary tubercu- 
losis, 308 
BRONCHOPULMONARY SEGMENT with special refer- 
ence to putrid lung abscess, 328 
BRONCHUS, primary carcinoma, diagnosis and treat- 
ment, 145 


CALCIFICATION, extensive, roentgen evidence of, in 
osteitis fibrosa cystica, 593 
in tuberculosis of suprarenal glands, roentgen 
study in Addison’s disease (abs), 42 
intracardiac (E), 678 
intracardiac, roentgen diagnosis, I 
myocardial, 766 
of suprarenal glands in Addison’s disease (E.), 93 
pathological (abs), 429 
subcutaneous, of phlebolithic or phlebosclerotic 
character in leg (abs), 138 
Lecture (1933), 145 
CameERA, focal spot, 399 
Cancer, alterations of pH of blood in, following 
roentgen and gamma irradiation, 53 
buccal, lingual and facial, treatment (abs), 574 
effect of radium and bismuth on (abs), 283 
of breast, advanced, radiotherapy and surgery 
in (abs), 280 


of breast and uterus, osseous metastases from 
(abs), 566 

of breast, prophylactic irradiation (abs), $75 

of cervix, results of operation and irradiation 
(abs), 719 

of female genitalia, methods and results of 
treatment (abs), 141 

of mouth, management of, and cervical lym- 
phatics, 366 

operative and radiotherapeutic treatment (abs), 
279 

relation of radiation to genetics and mutation 
theory of cancer (E), 252 

ulcers, red fluorescence in (abs), 282 

Carcinoma, bronchiogenic, treatment (E), 544 

genital, in women, acid-base balance (abs), 282 

in chronic osteomyelitis, 787 

incidence in certain chronic ulcerating lesions 
of stomach (abs), 419 

mammary, roentgen irradiation in treatment, 46 


of cervix and vagina, statistics of, for years 
1923-1925 (abs), 142 
of cervix, problems in radiation therapy of, 60 
of cervix, treatment (abs), 281 
of tonsils, review of 122 cases (abs), 717 
of vulva, results of irradiation (abs), 142 
ovarian, causing secondary infiltrating stenosis 
of sigmoid colon (abs), 421 
primary, of bronchus or lung, diagnosis and 
treatment, 145 
primary, of duodenum, 204 
roentgen, cicatrized by radium (abs), 574 
CARDIOVASCULAR DISEASE, Paget’s osteitis defor- 
mans in relation to (abs), 704 
CAROTID SINUS, treatment of vascular hypertension 
by roentgen excitation of (abs), 578 
CECOCOLIC SPHINCTER, spasm of (abs), 700 
Cecum, tumor of, simulating ileocecocolic invagina- 
tion (abs), 116 
Ce ts, living, action of radiations of short wave 
length on (abs), 286 
CELLULOID as support in application of radium (abs), 
283 
CERVICAL RIBS, relation of congenital deformities of 
hand to (abs), 135 
Cuest, in children, cystic appearances (abs), 411 
roentgen examination of, in lateral decubitus, 41 
roentgenograms of, taken with breath held in 
expiration, 266 
significance of “annular shadows’ in 
genograms of (abs), 410 
triangular basal shadows in roentgenograms of 
(E), 838 
CHILDHOOD, pulmonary tuberculosis, 16 
CHILDREN, cystic appearances in chests of (abs), 411 
disease of gallbladder in (abs), 558 
examination of, whose mothers have been ir- 
radiated (abs), 713 
intestinal stasis in (abs), 421 
lungs of, with ascaris, roentgen study (abs), 412 
roentgen findings in lead poisoning in (abs), 712 
tarsal scaphoiditis in (abs), 427 
tuberculous pulmonary infiltrations in (abs), 
CuHLoroma, aleukemic, myelogenous (abs), 139 
CHOLECYSTITIS, gangrenous gaseous, roentgen diag- 
nosis (abs), 418 
CHOLECYSTOGRAPHY, applications of syncholia and 
synuria of certain iodized compounds (abs), 
43° 
by oral route and its value (abs), 416 
importance of, in diagnosis of gallbladder dis- 
ease (abs), 115 
in cases of impaired liver function (abs), 415 
interpretation of (abs), 115 
oral, 227 
rapid (abs), 415 
two new techniques—method of Sandstrém and 
of Antonucci (abs), 417 
CoarctTation of aorta (abs), 558 


roent- 
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COLLOID SUSPENSION, roentgen examination of large 
intestine by impregnation with thin layer 
of (abs), 118 
Co.on, antiperistalsis of (abs), 118 
changes of form and position (abs), 565 
ectopy of (abs), 565 
normal and pathologic movements, roentgen 
observations (abs), 421 
roentgen diagnosis of diseases of, 607 
roentgen signs of diverticulosis and diverticu 
litis of (abs), 423 
sigmoid, secondary infiltrating stenosis in ovari 
an carcinoma (abs), 421 
studies on; variations in fixation of cecocolon,7 51 
treatment of megacolon by parathormone (abs), 
421 
wall changes and stenoses of, as result of extra 
colic disease (abs), 421 
CORONARY DISEASE, roentgen diagnosis, 588 
CUNEIFORM BONE, internal, osteochondritis of (abs) 
711 
single, dislocation of (abs), 710 
Cysts, intrathoracic, in children (abs), 411 


DerossiFICATION, parathyroid, roentgen studies, 496 
DERMATOLOGY, question of roentgen injury in (abs), 
275 
D1aPHRAGM, adhesions and folds of (abs), 698 
defects of, seen in roentgenogram (abs), 409 
DiverTICULA, multiple, of jesunum and duodenum, 
200 
of pericardium (abs), 413 
pointed, of fundus of stomach (abs), 70 
Diverticu itis of colon, roentgen signs (abs), 423 
DiverticuLosis of colon, roentgen signs (abs), 423 
Diverticutum of bladder (abs), 122 
of epiglottic valleculae (abs), 409 
of gallbladder, 603 
Zenker’s (abs), 409 
Dosace, determination of, for long radium or radon 
needles, 74 
variations in, dependent on wave length, 538 
Dosimetry, chemical (abs), 578 
Hammer ionometer and relation between R 
(Solomon) and r (international) unit (abs), 
Dvuopenitis and its roentgenologic characteristics, 
DuopeNuM, chronic 
(abs), 419 
multiple diverticula of, 200 
primary carcinoma of, 204 
stasis of, in icterus catarrhalis (abs), 561 
typical variation in position of 
versum (abs), 699 
DwarFisM, renal, and rickets (abs), 424 
DyscHONDROPLASIA FOETALIS (abs), 424 
DysHIDROSIS, new indirect roentgen method for 
treatment of (abs), 140 
Dystropny, cystic, sixteen observations (abs), 426 
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duodenum in 


848 


VoL. XXXI, No. 6 


Ecuinococcus cyst attached to kidney, 541 
Ecropy of colon (abs), 565 
EczEMA, new indirect roentgen method for treat 
ment of (abs), 14 
EDITORIALS 
Calcification of the suprarenal glands in Ad 
dison’s disease, 93 
Burton J. Lee, 95 
Resolution of the New York Roentgen Society, 
Q7 
The relation of radiation to genetics and the 
mutation theory of cancer, 252 
Radiologic service in the United States, 387 
The treatment of bronchiogenic carcinoma, 544 
Intracardiac calcification, 678 
Stanley Melville, 68 
Triangular basal shadows in roentgenograms of 
the chest, 838 
Errect of radiations of different wave length on 
transplantable mouse sarcoma No. 180, 614 
of radiations of short wave length on living cells 
(abs), 286 
of radium with bismuth on cancer and growing 
tumors (abs), 283; (abs), 284 
of roentgen irradiation on mineral metabolism 
(abs), 58 
of roentgen rays on bone marrow (abs), 144 
of very small and larger doses of roentgen rays 
in severe blood diseases abs), 270 
stimulant, of roentgen rays on normal tissue 
(abs), 58 
KLBow, radial exostosis complicating anterior dis 
location of (abs), 567 
ELECTRON EMISSION, early history, 244 


“MULSIONS, roentgenographic and photographic 


“‘light-pencil”’ for marking on, 554 


ENCEPHALOGRAPHY, differential diagnosis by (abs 
696 
improved method (abs), 696 
under nitrous oxide anesthesia, 784 
ENCHONDROMAS, calcified, roentgen appearance 
(abs), 7 9 
EK PITUBERCULOSIS, 721 
E putts, treated with radium (abs), 
ERYSIPELAS, roentgen therapy of (abs), 277 
EK sopHaGus, pouches of (abs), 409 


roentgen diagnosis of varices of (abs), 409 
tertiary syphilis of, 773 
Estrus as sign of beginning of ovulation after tem 
porary roentgen sterilization (abs), 715 
Exostosis, radial, complicating anterior dislocation 
of elbow (abs), 567 
regression of, under roentgen irradiation (abs 
715 
Femur, lesser trochanter of, some unusual changes 
In, 224 
ununited intracapsular fractures of neck of, 
roentgenologically considered, 433 


FIBROBLASTOMAS, meningeal, on under surface of 
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temporal lobe and surgical treatment (abs), 
695 
FiproMAS, nasopharyngeal, treatment by 
physical agents (abs), 574 
KI1BROMYOMA of uterus, irradiation in treatment of, 
51 
FINGERS, congenital stiffness (abs), 424 
KistruLA from duodenum into common duct (abs), 
116 


some 


post-traumatic fluid, demon- 
strated roentgenologically (abs), 408 


spontaneous internal biliary, cases of (abs), 115 


cerebrospinal 


spontaneous internal biliary, roentgen demon- 
stration, 31 
lk LUORESCENCE, red, in cancer ulcers (abs), 282 
FLuoROsIS, massive, of bones and ligaments (abs), 
125 
Foot, congenital fusion of bones of (abs), $7 
“fork strain” of (abs), 428 
Fracture of capitellum and trochlea, combined 
with fracture of external humeral condyle 
(abs), 709 
of second metatarsal (abs), 428 
transverse, of sacrum, 676 
FRACTURES, marching, of metatarsal bones (abs), 712 
intra-articular, of capitellum and trochlea of 
humerus (abs), 423 
of inferior extremity of radius, reduction under 
the screen (abs), 423 
of spine, results (abs), 425 
old, action of radiotherapy of suprarenal region 
on constitution of osseous callus in (abs), 
432 
treatment of, by skeletal devices (abs), 423 
ununited intracapsular, of femoral neck roent- 
genologically considered, 433 


GALLBLADDER, disease of, in children (abs), 558 
diverticulum of, 603 
importance of cholecystography in diagnosis of 
disease of (abs), 115 
roentgen tests of function of (abs), 699 
studies of function of; study of alleged impedi- 
ment in cystic duct to passage of fluids 
(abs), 698 
GALLSTONES, roentgen appearance and chemical 
composition (abs), 699 
GANGLIONEUROMA (abs), 565 
GANGRENE, diabetic, radiotherapy 
regions in (abs), 575 
GASTROENTEROLOGY, unification of opaque meal in 
(abs), $59 


of suprarenal 


GASTROINTESTINAL TRACT, Changes of, during course 
of uremia (abs), 119 
complete examination of, in roentgen practice 
(abs), $59 
disturbance of, following left-sided phrenico- 
exairesis (abs), 11g 
relation of, and diet to treatment of arthritis 
(abs), 137 
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syphilitic stenoses in (abs), 118 
Gastroscopic stupy of gastric ulcer (abs), 560 
GERMAN ROENTGENOLOGISTS and Radiologists in 
Czechoslovakian Republic, report of 1933 
meeting, 393 
Gorrer, exophthalmic, treatment of, by roentgen 
therapy of suprarenal region (abs), 576 
exophthalmic, treatment of, with radium and 
results (abs), 716 
GRANULOMATOSIS, MALIGNANT: See Hodgkin’s dis- 
ease 
GRANULOPENIA (abs), 428 
GYNECOLOGICAL CONDITIONS, influence of, on geni- 
tourinary tract shown by simultaneous in- 
jections of skiodan or uroselectan and lipio- 
dol (abs), 7o1 
new aiming instrument to make focusing easier 
in deep irradiation in (abs), 719 


Hanp, congenital deformities, relation to cervical 
ribs (abs), 135 
HEART, anteroposterior roentgen appearance of, as 
basis for estimating enlargement of particu- 
lar cardiac region (abs), 698 
congenital disease of, in infants, 470 
differential diagnosis of shadows within cardiac 
silhouette (abs), 413 
in funnel chest (abs), 414 
intracardiac calcification (E), 678 
position of right auricle and right ventricle in 
erect human subject (abs), 413 
right aortic arch (abs), 414 
roentgen diagnosis of intracardiac calcification, 1 
roentgen findings in tricuspid disease (abs), 413 
shadow of, densities in (abs), 698 
study of, by roentgen kymography (abs), 697 
tumors of (abs), 413 
HEMANGIOSARCOMA of spleen, changes in bones 
(abs), 134 
Hemopui ia, bone and joint changes in, 487 
roentgen ray as aid in diagnosis of, 597 
Hip joint, diagnosis of diseases of (abs), 135 
History, early, of electron emission, 244 
HopcGKINn’s DISEASE, prognosis of, in connection with 
80 cases (abs), 431 
radiotherapy of (abs), 430 
with cavity formation in the lung (abs), 410 
Humerus, intra-articular fractures of capitellum and 
trochlea of (abs), 423 
HypRONEPHROSIS, retrograde ureteropyelography in 
(abs), 122 
HyPeRcCALCEMIA, acute (abs), 429 
HyPERPARATHYROIDISM, a distinct disease entity 
(abs), 706 
HyPerRTENSION, vascular, treatment by roentgen 
excitation of carotid sinus (abs), 578 
IcTERUS CATARRHALIS, duodenal stasis in (abs), 561 
ILeumM, tumor of, causing recurrent invagination 
(abs), 116 
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IL1uMm, paraglenoid sulci of (abs), 569 
INDIANA ROENTGEN Society, 548 
INFANT, spontaneous pneumothorax in, 770 
INFANTS, congenital cardiac disease in, 470 
frame for holding infants upright during roent 
genography, 396 
INJURY, roentgen, question of, in dermatology (abs), 
275 
InyuURIES caused by roentgen rays and radium, cases 
of (abs), 574 
InstiruTE OF RapIloLocy of Madras Government, 
343 
INTERNATIONAL CONGRESS OF 
OLOGY, 548 
INTERNATIONAL ConGREss OF RapIo.Locy, FourTH, 
260, 395, 344 
rules and regulations, 260 
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INTERVERTEBRAL DISC, calcareous deposits in (abs), 
703 
normal and pathological physiology of nucleus 
pulposus of (abs), 568 
INTESTINE, acute obstruction, roentgen diagnosis 
(abs), 117 
large, roentgen examination of, by impregnation 
with thin layer of colloid suspension (abs 
118 


large, surgical treatment of tuberculosis of (abs 
700 

polyposis of (abs), 422 

roentgen study of invagination of (abs), 117 

small, roentgen diagnosis of invagination of 
(abs), 116 


small, roentgen diagnosis of stenosis of (abs), 
$62 
small, roentgen study of last loop of (abs), 563 
small, roentgen study of topographical and 
morphological changes in, on changing 
from erect to supine position (abs), 117 
small, tuberculoma of (abs), 563 
stasis of, in infants and children (abs), 421 
INVAGINATION, chronic ileocecocolic, simulated by 
tumor of cecum (abs), 116 
intestinal roentgen, study (abs), 117 
of small intestine, roentgen diagnosis (abs), 116 
recurrent, from tumor of ileum (abs), 116 
lopizED OILs, in myelography, dangers, inconven- 
iences and injuries (abs), 565 
IRRADIATION, protracted, biological principles of 
(abs), 140 
protracted fractional, of 
(abs), 144 
roentgen, as nonspecific stimulant therapy (abs), 
276 


roentgen, pachymeningitis after? (abs), 275 


small, roentgen diagnosis of tumors of (abs), 42 


malignant tumors 


Janeway Memoriat Lecture™ (1933), 153 
JeyunuM, multiple diverticula, 200 


KELOoID, radiation therapy of, and keloidal scars, 238 
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KIDNEY, echinococcus cust attached to, 541 
KIDNEYS, retrograde ureteropyelography in hydro 
nephrosis (abs), 122 
roentgen evidence of extensive calcification of, 
in osteitis fibrosa cystica, 593 
scoliosis caused by disease of (abs), 12 
KyYMOGRAPHY, roentgen, study of heart by (abs), 697 
Kypuosis of old age (abs), 427 


LANTERN SLIDES, filing of, 11 
LEAD POISONING in children, roentgen findings (abs), 
712 
Lee, Burton J., obituary notice (E), 95 
portrait, 9§ 
resolution of New York Roentgen Ray Society, 
97 
LEG, subcutaneous calcifications of phlebolithic or 
phlebosclerotic character in leg (abs), 138 
varicose disease, roentgen observations (abs 
138 


l_EUCEMIA, case of, in radium worker (abs), 283 
chronic, results of roentgen treatment (abs), 279 
chronic myelogenous, treated by radiation 

(abs) 


, $72 
chronic myeloid, treatment (abs), 572 
“LIGHT-PENCIL” for marking on roentgenographic 
and photographic emulsions, 554 
L.ipoips, pneumonia due to aspiration of (abs), 412 
Liver, cholecystography in cases of impaired func 
tion of (abs), 415 
histological studies of, in rabbits following in- 
travenous injection of thorium dioxide, 512 
method of roentgen exploration of, in lithiasis 
and lithiatic icterus (abs), 418 
retraction test of adrenalin (abs), 417 
LunG, putrid abscess of, bronchopulmonary seg 
ment with special reference to, 328 
LuNGs, accessory lower lobe, roentgen appearance 
(abs), 697 
acute massive collapse, 547 
bone formation in (abs), 697 
capillary lines of (abs), 
cavity formation from Hodgkin’s disease (abs 
41 
historical review of question of roentgen demon 


stration of cavities caused by destruction 
of lungs in early tuberculosis (abs), 697 

inverse ratio 1n roentgen visualization of bronchi 
and alveoli after injection of contrast 
media, 323 

localized roentgen opacities in region of inter 
lobar fissures of (abs), 412 

of children with ascaris, roentgen study (abs 
412 

posterior lobe (abs), 697 


primary carcinoma, diagnosis and treatment, 
14$ 

specificity of consolidation of, in tuberculous 
patients, 721 

syphilis of (abs), 41 
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syphilitic gumma of, 333 
tuberculous infiltrations in, in childhood (abs), 
411 
LuxaTion, coxofemoral congenital, roentgen sign 
(abs), 427 
.YMPH NODES, roentgen study of (abs), 286 
roentgen visualization in animals (abs), 139 
.YMPHATIC SYSTEM of thorax and diaphragm, roent- 
gen study of absorption by, of thorium 
dioxide injected intrapleurally into ani- 
mals, 166 
roentgen study of (abs), 286 
LYMPHATICS, cervical, management of cancer of, 366 
.YMPHOGRANULOMATOSIS, MALIGNANT: See Hopc- 
KIN’S DISEASE 


MAstToIps, roentgen examination, 482 
technical points in roentgenography of, 106 
MeprIasTINUM, tumor of, treated by radiotherapy 
(abs), 575 
tumors of, roentgen diagnosis and differentia- 
tion, 458 
MELVILLE, STANLEY, obituary notice (E), 68 
portrait, 680 
MENOPAUSE, surgical, sympathetic functional radio- 
therapy in (abs), 579 
MESENTERIUM COMMUNE (abs), 421 
anomaly, in connection with a case compli- 
cated by appendicitis (abs), 563 
METABOLISM, mineral, effect of roentgen irradia- 
tion on (abs), 580 
METASTASES, osseous, in cancer of breast and uterus 
(abs), 566 
METATARSAL, second, fracture (abs), 428 
bones, marching fractures of (abs), 712 
bones, short, and their relation to poliomyelitis 
(abs), 710 
METATARSUS VARUS, congenital (abs), 70g 
MIcHIGAN ASSOCIATION OF ROENTGENOLOGISTS, 262 
Minnesota RADIOLOGICAL SOCIETY, 547 
Moutu, management of cancer of, and cervical 
lymphatics, 366 
Musc es, skeletal, benign angiomatous tumors of 
(abs), 711 
Mye.Locrapny, with iodized oils, dangers, incon- 
veniences and injuries (abs), 565 
with small amounts of contrast medium (abs), 
125 
Myetoma, multiple, aleukemic and leukemic (abs), 
139 
multiple, of vertebral column (abs), 426 
multiple, with blood picture of plasma cell 
leukemia (abs), 138 
MyeELosis, conversion of chronic into acute leukemic 
(abs), 571 
MyocaropivM, calcification in, 766 


NasopHARYNx, fibromas, treatment by some physi- 
cal agents (abs), 574 
NEOPLASMS: See TUMORS 
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NEPHROPYELOGRAPHY, its clinical value (abs), 122 
results obtained with uroselectan and abrodil 
(abs), 123 
NEUROBLASTOMA, radiosensitive, 234 
NeEw-BorN, non-rachitic cupping of long bones in 
(abs), 136 


Occu ct TAIL, case of (abs), 56g 
OLEecRANON, tuberculosis of (abs), 134 
OpuHTHALMOLOGY, borderline rays in (abs), 573 
Os ACETABULI, 492 
OssiFicaTion of soft parts of shoulder (abs), 567 
roentgen observations on disturbances of, in 
borders of vertebrae (abs), 137 
Osteitis deformans (Paget’s) in relation to cardio- 
vascular disease (abs), 70¢ 
deformans, roentgen signs (abs), 426 
fibrosa, generalized, improved after removal of 
parathyroid tumor (abs), 425 
fibrosa cystica, roentgen evidence of extensive, 
calcification of kidneys in, 593 
tuberculosa multiplex cystica (Jiingling) (abs), 
703 
OsTEOCHONDRITIS of internal cuneiform (abs), 711 
OsTEOGENESIS imperfecta (abs), 566 
imperfect congenital, identity of, and idiopathic 
osteopsathyrosis (abs), 136 
OsTEOMYELITIS, chronic, carcinoma in, 787 
OsTEoPpHyTosis, generalized, clinical, roentgen and 
histopathological findings in case of (abs), 
703 
OsTEOPSATHYROSIS, clinical and roentgen picture of 
(abs), 566 
idiopathic, differentiation of infantile scurvy 
from (abs), 136 
OsTEOPOIKILOsIS, hereditary (abs), 426 
Orro’s PELVIS, 346 
Ovaries, comparative histology of, in relation to 
question of injury of germ plasm by roent- 
gen rays (abs), 714 
possibility and probability of injury to germ 
cell after irradiation of (abs), 715 
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